Assessment Of Wastewater From El Bagair Industrial Area by Amir Abdalla, Tarig
 1
University of Khartoum 
Faculty of Engineering 




ASSESSMENT OF WASTEWATER FROM 









Tarig Amir Abdalla Ebrahim 








A thesis submitted for the partial fulfillment of M.Sc. Degree in Water 














 This study was carried out at El Bagair Industrial Area in El 
Jazeera state to determine the industrial effluent characteristic, their effect 
on ground water and their impact to environment. 
 In this study  data of  four ground water samples at four different 
locations at El Bagair Industrial Area were analyzed and were compared 
with the World Health Organization (WHO) standard and American 
Secondary Standard for Drinking Water. The quality of water samples 
were moderately hard to very hard, but for chemical and physical 
characteristics they lie within the acceptable limits. 
 Physical and chemical parameters analyzed were: colour, pH, 
odour, total hardness, total solids, Calcium, Magnesium, Chloride, 
Sulphate, Nitrate, and Fluoride. 
 Most of the factories in El Bagair Industrial Area have no 
pretreatment plant units therefore characteristic of wastewater were not 
conforming to standard limits. The factories have no sewer network 
system, no central treatment plant and no monitoring and quality control 
of effluents. 
 Four factories in El Bagair Industrial Area were selected for this 
investigation. They are:- 
1- Afrotan tannery 
2- Starch &Glucose Factory 
3- Textile 
4- Edible Vegetable Oil Factory (SMA) 
The data collected were for some chemical characteristic of 
industrial effluents sewages: BOD, COD, SS, oil & grease, TDS, 
Cr+6 and Pb.  
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They were analyzed and compared with the SUDAN Industry 
development Orders of the nineteen's and The Central Pollution 
Control Board (India). 
Factory BOD COD SS TDS Oil& 
Grease
Cr+6 Pb 
Afrotan - - - - - - + 
Starch& 
Glucose 
- - - + + + + 
Textile + - + + + + + 
SMA - - - - - + + 
 
Note: 
- : Exceeding limit of standard 
+: Within the standard 
 
  To improve the quality of effluent from the factories 
wastewater treatment plant is proposed. 
 Stabilisation ponds system is proposed because land is available 
and stabilisation ponds system can accept shock loads which are expected 
from the factories. The ponds are designed to receive wastewater flow of 
(16326 m3/l); inflow BOD (1310 Mg/l). 
 Anaerobic ponds, facultative ponds and maturation ponds of 
dimensions 215m*85m*3m, 875m*350m*1.5m and 540m*215m*1.0m 
respectively with retention time of (3.36 day); (28.14 day) and (7.0 day) 
can be adopted. 
Treated effluent with Ne = 187.84 F.C / 100ml can be reused for 
irrigation of green belt around the industrial area. 
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 Lifting stations, pumping station and rising mains were designed to 
convey wastewater effluent from the different factories to the proposed 

























ﺗѧﻢ اﺟѧﺮاء هѧﺬا اﻟﺒﺤѧﺚ ﻓѧﻰ ﻣﻨﻄﻘѧﺔ اﻟﺒѧﺎﻗﻴﺮ اﻟѧﺼﻨﺎﻋﻴﺔ ﻓѧﻰ وﻻﻳѧﺔ اﻟﺠﺰﻳѧﺮة ﻟﺪراﺳѧﺔ ﺧѧﻮاص 
  .اﻟﻤﺨﻠﻔﺎت اﻟﺼﻨﺎﻋﻴﺔ اﻟﺴﺎﺋﻠﺔ واﺛﺮهﺎ ﻋﻠﻰ اﻟﻤﻴﺎﻩ اﻟﺠﻮﻓﻴﺔ واﻟﺒﻴﺌﺔ اﻟﻤﺤﻴﻄﺔ
ﻓﻰ هﺬا اﻟﺒﺤﺚ ﺗﻢ ﺗﺤﻠﻴѧﻞ ﺑﻴﺎﻧѧﺎت ارﺑѧﻊ ﻋﻴﻨѧﺎت ﻟﻠﻤﻴѧﺎﻩ اﻟﺠﻮﻓﻴѧﺔ ﻓѧﻰ ارﺑѧﻊ ﻣﻨѧﺎﻃﻖ ﻣﺨﺘﻠﻔѧﺔ ﻓѧﻰ   
 (OHW)ﺑﻤﻮاﺻѧѧѧﻔﺎت ﻣﻨﻈﻤѧѧѧѧﺔ اﻟѧѧѧѧﺼﺤﺔ اﻟﻌﺎﻟﻤﻴѧѧѧѧﺔ ﻤѧѧѧﺖ ﻣﻘﺎرﻧﺘﻬѧѧѧѧﺎ ﻣﻨﻄﻘѧѧѧﺔ اﻟﺒѧѧѧѧﺎﻗﻴﺮ اﻟѧѧѧﺼﻨﺎﻋﻴﺔ وﺗ 
وﺟﺪ ان اﻟﻌﻴﻨﺎت  ﻣﺘﻮﺳѧﻄﺔ اﻟﻌѧﺴﺮ اﻟѧﻰ ﺷѧﺪﻳﺪة اﻟﻌѧﺴﺮ . واﻟﻤﺎﺻﻔﺎت اﻻﻣﺮﻳﻜﻴﺔ اﻟﺜﺎﻧﻮﻳﺔ ﻟﻤﻴﺎﻩ اﻟﺸﺮب 
  .اﻣﺎ ﺑﻘﻴﺔ اﻟﺨﺼﺎﺋﺺ اﻟﻔﻴﺰﻳﺎﺋﻴﺔ واﻟﻜﻴﻤﻴﺎﺋﻴﺔ ﺗﻘﻊ ﻓﻰ اﻟﺤﺪود اﻟﻤﺴﻤﻮح ﺑﻬﺎ
ﺗﺮآﻴѧѧѧﺰ اﻳѧѧѧﻮن ، اﻟﺮاﺋﺤѧѧѧﺔ ، اﻟﻠѧѧѧﻮن: اﻟﻌﻨﺎﺻѧѧѧﺮاﻟﻔﻴﺰﻳﺎﺋﻴﺔ واﻟﻜﻤﻴﺎﺋﻴѧѧѧﺔ اﻟﺘѧѧѧﻰ ﺗѧѧѧﻢ ﺗﺤﻠﻴﻠﻬѧѧѧﺎ هѧѧѧﻰ   
، اﻟﻜﻠﻮراﻳѧѧѧﺪ، اﻟﻤﻐﻨﺰﻳѧѧѧﻮم، اﻟﻜﺎﻟѧѧѧﺴﻴﻮم، اﻟﻤѧѧѧﻮاد اﻟѧѧѧﺼﻠﺒﺔ اﻟﻜﻠﻴѧѧѧﺔ ، اﻟﻌѧѧѧﺴﺮ اﻟﻜﻠѧѧѧﻰ، (Hp)اﻟﻬﻴѧѧѧﺪروﺟﻴﻦ 
  .واﻟﻔﻠﻮراﻳﺪ، اﻟﻨﺘﺮات، اﻟﻜﺒﺮﻳﺘﺎت
ﻣﻌﻈﻢ اﻟﻤﺼﺎﻧﻊ ﻓﻰ ﻣﻨﻄﻘﺔ اﻟﺒﺎﻗﻴﺮ ﻻ ﺗﻤﺘﻠﻚ وﺣﺪات ﻣﻌﺎﻟﺠѧﺔ اﺑﺘﺪاﺋﻴѧﺔ ﻟﻤﺨﻠﻔﺎﺗﻬѧﺎ اﻟѧﺴﺎﺋﻠﺔ ﻟѧﺬﻟﻚ   
ﻻﻳﻮﺟѧﺪ ، ﻻ ﻳﻮﺟﺪ ﻧﻈﺎم ﺷﺒﻜﺎت ﺻﺮف ﺻѧﺤﻰ ﻟﻠﻤѧﺼﺎﻧﻊ ،ﺻﻔﺎتﻧﺠﺪ اﻟﻤﺨﻠﻔﺎت ﻻ ﺗﻄﺎﺑﻖ ﺣﺪود اﻟﻤﻮا 
  .ﻧﻈﺎم ﻣﻌﺎﻟﺠﺔ ﻣﺮآﺰﻳﺔ وﻻ ﺗﻮﺟﺪ ﻣﺘﺎﺑﻌﺔ وﺿﺒﻂ ﻟﻨﻮﻋﻴﺔ اﻟﻔﻀﻼت
اﻳﻀﺎ ﻓﻰ هﺬا اﻟﺒﺤﺚ ﺗﻢ اﺧﺘﻴﺎرارﺑﻊ ﻣﺼﺎﻧﻊ ذات ﺻѧﻨﺎﻋﺎت ﻣﺨﺘﻠﻔѧﺔ ﻻﺟѧﺮاء ﺑﺤѧﺚ ﺗﻔѧﺼﻴﻠﻰ   
  :هﺬﻩ اﻟﻤﺼﺎﻧﻊ هﻰ،ﻟﻬﺎ
  ﻣﺪﺑﻐﺔ اﻓﺮوﺗﺎن -1
 ﻣﺼﻨﻊ اﻟﻨﺸﺄ واﻟﺠﻠﻜﻮز -2
 اﻟﻨﺴﻴﺞ -3
 ﻰ اﻻﻣﻴﻦ ﻟﻠﺰﻳﻮت واﻟﺼﺎﺑﻮنﻣﺼﺎﻧﻊ اﻟﺸﻴﺦ ﻣﺼﻄﻔ -4
اﻻآѧѧﺴﺠﻴﻦ : ﺗѧѧﻢ ﺗﺠﻤﻴѧѧﻊ اﻟﻤﻌﻠﻮﻣѧѧﺎت وﺧѧѧﺼﺎﺋﺺ اﻟﻤﺨﻠﻔѧѧﺎت اﻟﺼﻨﺎﻋﻴﺔاﻟѧѧﺴﺎﺋﻠﺔ واﻟﺘѧѧﻰ ﺗѧѧﺸﻤﻞ 
اﻟﻤѧѧѧﻮاد اﻟﺬاﺋﺒѧѧѧﻪ ،SSاﻟﻤѧѧѧﺎد اﻟѧѧѧﺼﻠﺒﺔ اﻟﻌﺎﻟﻘѧѧѧﺔ ، DOCاﻻآѧѧѧﺴﺠﻴﻦ اﻟﻜﻴﻤﻴѧѧѧﺎﺋﻰ ، DOBاﻟﺤﻴﺎآﻴﻤѧѧѧﺎﺋﻰ 
  bP.   اﻟﺰﻳﻮت واﻟﺸﺤﻮم واﻟﺮﺻﺎص ، ( )6+rCاﻟﻜﺮوم اﻟﺴﺪاﺳﻲ ، (SDT)اﻟﻜﻠﻴﻪ
 ﻓѧﻲ اﻟﺘѧﺴﻌﻴﻨﻴﺎت  اﻟﻤﺴﺘﺨﺪﻣﺔ ﻟﻠﺘﻨﻤﻴﻪ اﻟﺼﻨﺎﻋﻴﻪ  اﻟﺴﻮداﻧﻴﺔ  اﻟﺤﺪود و ﻣﻘﺎرﻧﺘﻬﺎ ﻣﻊ ﺗﻢ ﺗﺤﻠﻴﻠﻬﺎ   
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  :ﻣﻠﺤﻮﻇﺔ
  ﺗﺘﻌﺪى اﻟﺤﺪود اﻟﻤﺴﻤﻮح ﺑﻬﺎ:  -
  ﺗﻘﻊ داﺧﻞ اﻟﺤﺪود اﻟﻤﺴﻤﻮح ﺑﻬﺎ+ : 
  .ﻟﺘﺤﺴﻴﻦ ﻧﻮﻋﻴﺔ اﻟﻔﻀﻼت اﻟﺨﺎرﺟﺔ ﻣﻦ اﻟﻤﺼﺎﻧﻊ  ﺗﻢ اﻗﺘﺮاح وﺣﺪة ﻣﻌﺎﻟﺠﺔ ﻣﺮآﺰﻳﺔ
اﻗﺘﺮح ﻧﻈѧﺎم  ﺑѧﺮك اﻟﺘﺜﺒﻴѧﺖ ﻟﺘѧﻮﻓﺮ اﻟﻤѧﺴﺎﺣﺎت وﻟﺘﺤﻤﻠﻬѧﺎ ﻟﻠﺤﻤѧﻞ اﻟﻤﻔѧﺎﺟﻰء اﻟﻤﺘﻮﻗѧﻊ ﻣѧﻦ ﺗﻠѧﻚ 
اﻻآѧѧѧﺴﺠﻴﻦ اﻟﺤﻴﺎآﻴﻤﻴѧѧѧﺎﺋﻰ   ل و\3م62361ﺘﻘﺒﺎل ﺗѧѧѧﺼﺮﻳﻒ ﺗﻠѧѧѧﻚ اﻟﺒѧѧѧﺮك ﺻѧѧѧﻤﻤﺖ ﻻﺳѧѧѧ .  اﻟﻤѧѧѧﺼﺎﻧﻊ
  .  ل\ﻣﻎ0131
، م3*م58*م512اﻟﺒѧѧѧѧѧѧﺮك اﻟﻬﻮاﺋﻴѧѧѧѧѧѧﺔ، اﻟﺒѧѧѧѧѧѧﺮك اﻻﺧﺘﻴﺎرﻳѧѧѧѧѧѧﺔ وﺑѧѧѧѧѧѧﺮك اﻟﻨѧѧѧѧѧѧﻀﺞ ﺑﺎﻻﺑﻌѧѧѧѧѧѧﺎد 
ﻳѧﻮم 7ﻳѧﻮم و 41.82، ﻳѧﻮم 63.3م ﻋﻠﻰ اﻟﺘﻮاﻟﻰ وزﻣﻦ اﻟﺒﻘﺎء 1*م512*م045، م5.1*م053*م578
  .اﻳﻀًﺎ ﻋﻠﻰ اﻟﺘﻮاﻟﻰ 
ﻳﻤﻜѧѧѧѧﻦ اﻋѧѧѧѧﺎدة 48.781 lm001/C.F= eN اﻟﻔѧѧѧѧﻀﻼت اﻟѧѧѧѧﺴﺎﺋﻠﺔ اﻟﻤﻌﺎﻟﺠѧѧѧѧﺔ واﻟﺘѧѧѧѧﻰ ﻟﻬѧѧѧѧﺎ 
  . اﺳﺘﺨﺪاﻣﻬﺎ ﻓﻰ اﻟﺮى ﺣﻮل اﻟﻤﻨﻄﻘﺔ اﻟﺼﻨﺎﻋﻴﺔ
اﻳﻀَﺎ ﺻﻤﻤﺖ ﻣﺤﻄﺎت رﻓѧﻊ وﺷѧﺒﻜﺔ اﻟﺮﻓѧﻊ اﻻﺳﺎﺳѧﻴﺔ ﻟﻨﻘѧﻞ اﻟﻔѧﻀﻼت اﻟѧﺴﺎﺋﻠﺔ ﻣѧﻦ اﻟﻤѧﺼﺎﻧﻊ 
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 Ι ωιση το τηανκ µψ φατηερ φορ ηισ γρεατ
φυλ ηελπσ< µψ συπερϖισορ ∆ρ. Μοηδ. Αηµεδ 
Αδαµ Κηαδαµ φορ ηισ κινδ  διρεχτιονσ & κεε
ν συπερϖισιον οφ τηε ωορκ, µψ υνχλε ∆ρ.   Ο
σαµα Φαιδ φορ ηισ  ηελπ ανδ αδϖιχεσ. Μψ τ
ηανκσ αρε εξτενδεδ το ινχλυδε Ενγ. Εµαν ϑαφ
φερ Αλι φορ ηερ ηελπινγ ιν  µανψ δραωινγσ, Ε
νγ. Ναδα Αηµεδ ωηο προϖιδεσ µοστ οφ  τηε ρ
εφερενχεσ, Μρ Μοηανναδ Ηασσαν ωηο ηελπε
δ ιν       τψπινγ, Μρ Ηψδερ Ηασσαν ωηο προϖι
εδ µοστ οφ τηε ρεπορτσ. Μψ γρατιτυδεσ αρε δ
υε το ενγινεερσ ιν κηαρτουµ Ωατερ & σερϖιχ
εσ Χο, µανψ οφ τηοσε ωορκινγ ιν ταξεσ οφφιχ
εσ ατ Ελ Καµλεεν ανδ Μαδανι. Ι αµ αλσο γρα
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1-1 Industry in Sudan: (1) 
             Industry as an activity began early in the twenties century with 
the ginning factories in central Sudan as a result of Gazera Scheme. In 
recent years, the industrial sector has been growing up several types of 
industries such as sugar, food, leather, metals, pharmaceuticals, 
flourmills, textiles, chemical petroleum and petrochemicals. These are 
distributed mainly in five industrial areas in Sudan: 
         -El Bagair Industrial Area. 
         - Khartoum North Industrial Area. 
         -Omdurman Industrial Area. 
         -Maringan Industrial Area.  
         -Giad Industrial Area.  
     And many other smaller ones in Khartoum and other towns in 
Sudan. 
      All these industries produce liquid, solid, and gaseous wastes. The 
liquid wastes are produced as a result of the sequences of processes or 
from the utilities that assist the procedures. 
         The methods of treatment and disposal of liquid wastes varies 
from complex to another: 
         -At El Bagair and Maringan Industrial Areas, wastewater is 
disposed to open pools without any proper treatment. 
         -Wastewater from Khartoum North Industrial Area is disposed 
without treatment at El-Hag Yousif treatment plant. 
         - At Omdurman Industrial Area, the wastewater is directly 




1-2 Pollutants In Industrial Wastewater And Their 
Effects :(10)  
          Following are the various types of pollutants that may be present in 
industrial wastewater: 
1- Organic substances: 
         These deplete DO of streams and impose great load on 
secondary treatment units. 
2-Inorganic substance: 
           These include carbonates, chlorides, nitrogen, phosphorous etc. 
They are undesirable for micro-plants of receiving water body. They 
render the water body unfit for further use. 
3- Acids and alkalies: 
           These greatly affect the aquatic life of receiving water body. 
They also cause serious problems in the operation of treatment units. 
4-Toxic substances:  
            These include cyanides, sulphides, acetylene, alcohol, etc, due 
to which flora and fauna of receiving waters is greatly affected. They 
cause problems in the treatment units apart from endangering the life 
of workmen. 
5- Colour-producing substance: 
           They impart objectionable colour in the receiving water bodies. 
6-Oil etc: 
                These hinder self- purification process of stream. They also 






1-3 Objectives of The Study: 
1- To assess wastewater effluent from some factories in El Bagair 
Industrial Area 
2- To identify environmental risks from effluents of these factories. 
3- To propose optimum wastewater treatment system for the effluent 
from factories. 
4- To review legislations for industrial effluents disposed to 
environment and to extend it has been applied to El Bagair 
Industrial Area. 

































                                                                  
 
 









2-1Water Quality and Pollution :(14) 
         The many ways in which water promotes the economic and general 
well-being of society are known as beneficial uses. The major ones are 
water supply, recreation, and aquatic life. The relative importance of 
beneficial uses for any particular stream, lake, or estuary depends on the 
economy of the area and the desires of its people. Many applications are 
restricted within narrow ranges of water quality, such as public and 
industrial water supply. Unregulated wastewater disposal conflicts with 
use of the water as a municipal source. Therefore, control of quality is 
required to ensure that the best employment of the water is not prevented 
by indiscriminate use of watercourses for disposition of waste. 
2-1-1Quality of Surface Water: (14) 
           All surface water should be capable of supporting aquatic life and 
be aesthetically pleasing. Additionally, if needed as a public supply, the 
water must be treatable by conventional processes to yield a potable water 
meeting the drinking water standards. Many impoundments and rivers are 
also maintained at a quality suitable for swimming, water skiing, and 
boating. Surface water throughout the nation are classified according to 
intended uses that dictate the specific-physical, chemical, and biological 
quality standards, thus insuring the most beneficial uses will not be 
deterred by pollution. Criteria defining quality are dissolved oxygen, 
solids coliform bacteria, toxins, PH, temperature, and other parameters as 
necessary.  
          Establishing a lower limit for dissolved oxygen protects propagation 
of fish and other aquatic life, as well as enhancing recreation and 
reducing the possibility of odors resulting from decomposition of waste 
organics. Coldwater fish require stringent limitation, 6 mg/l with a 
minimum of 7 mg/l at spawning times; and warm-water species being 
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more tolerant needs a 4to 5 mg/l limit. Dissolved solids are restricted 
because high concentrations interfere with agricultural, domestic, 
industrial water uses. The strictest coliform standard applies to shellfish 
harvesting, since the meat may be eaten without being cooked. The next 
most stringent coliform standard is for contact recreation where persons 
are likely to ingest water while bathing or water skiing. Toxic pollutants, 
such as heavy metals and pesticides, cause diseases, behavioral 
abnormalities, and physiological malfunctions in both aquatic life and 
humans: therefore, they must be carefully monitored and tightly 
controlled. The allowable pH range is 6.5 to 8.5 for protection of fishes 
and to control undesirable chemical reactions. Many substances increase 
in toxicity outside of this range. Temperature standards usually 
recommend an upper limit of 320C with a maximum permissible rise of 
30C above the naturally existing temperature in streams and arise of 20C 
in lakes. In addition to making fish more susceptible to infection, rising 
temperature often increases the toxicity of substances by increasing their 
solubility or changing their ionic character. 
       Organic matter, toxins, dissolved salts, and suspended solids 
contaminate both flowing and impounded waters. Nutrient salts, however, 
are particularly detrimental to lakes, estuaries, and slow-moving rivers by 
stimulating excessive growth of weeds and algae. Removal of phosphate 
from wastewater is practiced to protect many, natural lakes; however, 
nitrogen removal is not economically feasible. Therefore, permits for 
municipalities and industries discharging to lakes, or to streams flowing 
into lakes, commonly limit the phosphorus concentration to 1.0 mg/l by 
chemical precipitation in addition to biological processing. This is 
equivalent to a removal of about 90 percent, which is technically possible 
and economically feasible in regions where natural lakes are endangered. 
Reduction in agricultural land drainage is usually not practical beyond the 
 24
benefits resulting from good land management. Significant phosphorus 
reduction in major rivers is not a realistic expectation because of both 
uncontrolled land drainage and reluctance to pay for phosphate 
precipitation in wastewater treatment. Consequently, many reservoirs on 
rivers have significant deterioration of water quality from nutrient 
enrichment with anaerobiosis of the bottom waters being the common 
result. 
2-1-2 Groundwater Quality :(14) 
               Since groundwater in many regions is a high-quality economical 
source, future demand is expected to increase for domestic use. 
           Groundwater contamination commonly results from human 
activities where pollutants, susceptible to percolation, are stored and 
spread on or beneath land surface. Almost every known instance of 
groundwater contamination has been discovered only after drinking water 
supply was affected. Typical pollutants sources are industrial wastewater 
impoundments, sanitary landfills, storage piles, absorption fields follow 
house septic tanks, improperly constructed wastewater disposal wells, and 
application of chemical on agricultural lands. 
                The amount of water available for infiltration, either from 
precipitation or the wastewater itself, is a primary factor in carrying 
pollutants down through a soil profile. Water from the surface passes 
downward through the unsaturated zone and disperses in an aquifer in a 
manner depending on site conditions. Dispersion of contaminant is 
influenced both physically by soil porosity and hydraulically by the rate 





2-1-3 Industrial Water Quality :(13)  
         The quality of water required for industrial processes reflects the 
uses made of the water. In general terms, industrial waters are required 
to be non-corrosive low in suspended solids and low in microscopic 
life, with a minimum of colour and turbidity. The quality of water 
required for many industrial processes is clearly not as high as that for 
drinking water. For certain processes, such as cooling and washing 
down, this water merely has to satisfy these general standards. For 
many industrial processes, especially those concerned with the food 
and beverage industries where the water can contact or be included in 
materials for human consumption, the quality must be similar to or 
better than that required for drinking water. Certain industries required 
particular water qualities. In beer making, it is necessary to extract 
flavouring agents from hopes, and this is facilitated if there are 
significant amounts of calcium and magnesium in water; if the water 
is soft, it is therefore preferable for calcium and magnesium salts to be 
added. The standers and treatment required vary from industry to 
industry and from location to location but, generally, the treatment 
processes are similar to those employed for domestic treatment. 
          Water to be used in boilers may require special treatment. Water 
in boilers will be heated and the major criteria are the prevention of 
scale formation and corrosion within the boiler. Heating water which 
contains temporary hardness leads to the formation of calcium 
carbonate deposits, which seriously affect the performance of the 
boilers. Boilers waters therefore require the hardness to be low, and 
softening is usually necessary. The higher the operating pressure of 
the boiler, the more stringent are the requirements. High-pressure 
boilers require control of silica concentration (< 0.5 mg/l). 
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Conditioning agent can be added to further inhibit scale formation. It 
is also necessary to ensure that the waters are non-corrosive; this is 
partially achieved if alkaline conditions (pH 7to8) are maintained. The 
other major control for corrosion is to remove oxygen which is 
required for many corrosion processes. Oxygen can be removed by 
preheating and spraying the water at an elevated temperature (>1000C) 
or lower temperature under a vacuum, so that atmospheric gases 
dissolved in water are expelled (O2 and CO2 are of most 
concern).Oxygen can be removed by chemical means; the most 
common reagents are sodium sulphite (Na2SO3) and hydrazine (N2H4), 
both of which react chemically with oxygen.  
             It should be stressed that the re-use of industrial waters within 
a plant, and the use of lower quality waters for certain processes, can 
make significant economic savings. Application of good housekeeping 
techniques and effective wastewater segregation is often a critical 
factor in industrial management of water and wastewater. Excessive 
use of water, for example in washing down plants or premises, 
combined with poor segregation, entails paying for the water and for 
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Table (2-2): (16)  
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Table (2-3): (16) 
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330-  1.29  
2.02- 0.0039  
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32.8- 2.05  
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Table (2-6): (7) Water Quality Standards for Surface Water sources 











A Drinking Water Source, 
without conventional 
treatment but after 
disinfection 









8.Floating Matter   






No acute toxicity 




















<3 mg/l  
<5mg/l  
No acute toxicity 




C Drinking Water Source 
after conventional 
treatment 









No acute toxicity 
to be present 
D Propagation of Wild Life 
Fisheries 







No acute toxicity 
to be present 
E Irrigation, industrial 
Cooling and Controlled 
waste disposal  
1.TDS 










Table (2-7): (15) Drinking Water standards (World Health 
Organization (WHO)) 
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Bacteriological Standards (a) Water Entering Distribution System: 
If disinfected. Coliform count in any 
sample of 100 ml should be zero. 
(b) Water in distributed system:  
Ideally all samples taken from the 
distribution system including consumer's 
premises should be free from Coliform 
organisms. Since in practice it is not 
always possible, following standards can 
be followed: 
(i) Throughout any year, 95% of the 
samples examined should not 
have any Coliform organisms. 
(ii) E. coli count in 100 ml of any 
samples should be zero. 
(iii) Coliform organisms not more than 
10 per 100 ml shall be present in 
any sample. 
(iv) Coliform organisms should not be 












2-1-5 Quality and Characteristics of Sewage: (7) 
2-1-5-1 Importance of Study: 
         When untreated sewage is discharged into some river stream, 
floating solids present in the discharged sewage may be washed up on 
to the shore, near the point of disposal, where they decompose and 
create foul smells and bad odours. The large amount of organic matter 
present in the discharged sewage will also consume the dissolved 
oxygen from the river steam in getting oxidized, and many thus 
seriously decrease the dissolved oxygen of the river stream, causing 
fish kills and other undesirable effects. In addition to these effects, the 
discharged sewage will contaminate the river water with pathogenic 
bacteria. Hence, even though municipal sewage is 99.9 per cent water, 
it requires treatment, if nuisance is to be avoided. 
         The extent and type of treatment required, however, depends 
upon the character and quality of both sewage and source of disposal. 
For example, a small community at the seaside might discharge its 
unaltered sewage directly into the ocean without any ill effects, but if 
this city were located inland on a small stream, a high degree of 
treatment might be needed. 
         In the olden times, the waste waters from community were not so 
much contaminated as they are today. The urbanization, industrial 
growth, and the improved standards of living, have increased the 
strength and quantity of municipal sewage in recent years to a point 
where dilution alone can no longer be relied upon to prevent the 
undesirable effects of pollution. In many cases, more advanced 
treatment of wastewater is essential to prevent undue pollution. This is 
much more so, when the disposal sewage is likely to contain industrial 
wastewaters. 
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         Hence, it is absolutely necessary to study the characteristic and 
behaviour of sewage, to ensure its safe disposal. This study will help us 
in determining the degree and type of treatment required to be given to 
given sewage, and thus avoid the pollution of the source of the 
disposal. 
2-1-5-2 Physical Characteristics of Sewage and Their 
Testing: 
                Physical examination is carried out in order to determine its physical       





 2-1-5-3 Chemical Characteristic of Sewage and Their 
Testing: 
          Tests conducted for determining the chemical characteristic of 
sewage help in indicating: the stage of sewage decomposition, its 
strength, and extent and type of treatment required for making it safe to 
the point of disposal. 
         Chemical analysis is, therefore, carried out on sewage in order to 
determine its chemical characteristics. It includes tests for determining: 
1- Total solids, Suspended solids, and Settleable solids 
2- pH value 
3- Chloride content 
4- Nitrogen content 
5- Presence of fats, greases, and oils 
6- Sulphides, sulphate and H2S gas 
7- Dissolved oxygen  
8- Chemical oxygen demand (C.O.D) 
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2-1-6 Pollution and Conservation of Environment: (7) 
         The development of civilization and rapid industrialization by man 
has caused a great to the ecosystem. Things have worsened because on 
attention or a very little attention has been paid towards protecting the 
environment, while executing industries and other developmental 
projects. 
         Associated with any development, there is bound to be some 
amount of environmental degradation. An ecological survey, and 
effective measures for protecting the environment, are therefore, 
essentially required, before any developmental project is undertaken. But 
unfortunately, while developing any industry or commercial or even 
urban properties, we have not bothered to look at the environmental 
degradation, likely to be caused by those establishments, either through 
our ignorance or through our sheer greed, for not spending any money on 
things which do not immediately affect us, individually. There are, infact, 
people among us who believe that there is more money in destroying the 
environment (such as those who fell trees, and kill wild animals, 
unauthorisedly), rather than in conserving it. Tomorrow is not their 
immediate concern. 
         Several examples of man's interference with the natural equilibrium 
may be mentioned. The excessive use of coal, petroleum, and natural gas 
for industries, automobiles, and power generation, has created enormous 







2-1-6 -1 Pollution of Air:(7) 
             Pollution of is strikingly marked in the industrial and congested 
cities of U.S., Europe, Japan, and even in India. 
         The smokes from factories, coke ovens and furnaces, steam engines, 
etc.; exhaust fumes from automobiles, power plans, etc.; injurious 
chemical fumes from oil –refineries, zinc refineries, chemical industries, 
metallurgical plants, iron and steel plants, incineration plants, etc; 
evolution of radioactive gases and suspended radioactive dusts from 
atomic explosions and accidental discharges from nuclear reactors, etc 
have polluted the air to such an extent that special steps are now required 
at several places for reducing such air pollutions. 
         The increase in CO2 content of the environment has been 
responsible for gradual heating up of our globe, by a process called green 
house effect. The CO2 layer, infact, acts like a glass cover used for a 
green-house, which allows the outside heat to enter the green house, but 
does not allow the inside heat to go out. Similar to glass house, CO2 layer 
is transparent to short wave radiation from the sun, but absorbs the longer 
wave radiation from the earth. The net result is gradual heating up of the 
earth. It is feared that by the year 2100, CO2 in our atmosphere will be 
doubled, leading to 40C rise in the world temperature. Such continuous 
warming of earth may cause the glaciers to recede and ice to melt at 
poles. This may cause a rise in sea level by about 0.65m, which 
ultimately may submerge most of our islands and coastal cities.  
         The salty sea water spreading to land may also lead to infertility of 





2-1-6-2 Pollution of Water: (18)   
         Pollution of water is another aspect of environmental pollution. The 
water of rivers, lakes, and oceans are, now-a-days being polluted on a 
large scale, by the outflow of effluents from factories and industries. 
Water pollution also results from the disposal of solid urban wastes, such 
as plastics, rubbers, paper, untreated wastewater and sewage, etc. water 
pollution also interferes with the growth of organisms living in the water 
bodies, thus retarding the natural purification process caused by such 
organisms. 
         All such environmental pollutions, lead to the spread of diseases 
through polluted air and water. The use of insecticides and pesticides has 
led to the concentration of DDT and other harmful chemicals in plants 
and animal food products, which when consumed by man, cause diseases. 
         In order to check such drastic ill-effects of environmental pollution 
on the health of the people as well as the plants and the animals, it is 
extremely necessary that we wake up from our long slumber, and initiate 
some drastic remedial measures to protect our natural wholesome 
environment. Legislative laws and their effective implementation is most 
important to stop the greedy and/or ignorant people from spoiling our 
environment. 
Table (2-9): (7) 
ثﻮﻠﺘﻟا ﺔﺟرد ﺪﻳﺪﺤﺗ  
ثﻮﻠﺘﻟا ﺔﺟرد  ىﻮﻴﺣﻮﻤﻴﻜﻟا ﻦﻴﺠﺴآﻻا ﺔﺟﻮﺣ 
) ﻢﺠﻠﻣ/ﺮﺘﻟ(  





ُاﺪﺟ ةﺮﻴﺒآ  
 ﻦﻣ ﻞﻗا200   
200 – 350   
350 - 500   
 ﻦﻣ ﺮﺒآا750  
 ﻦﻣ ﻞﻗا400   
400 – 700   
701 - 1000   
 ﻦﻣ ﺮﺒآا1500  
24 
 )61( :)01-2( elbaT




































  ﻋﻤﺎن -01
  
 اﻻﻣﺎرات اﻟﻌﺮﺑﻴﺔ -11
  

































































































  ﺗﻠﻮث ﺷﺪﻳﺪ++++  
  ﺗﻠﻮث ﺳﻰء+++    
  ﺗﻠﻮث ﻣﺘﻮﺳﻂ  ++    
  ﺗﻠﻮث ﺧﻔﻴﻒ +        
            ﺗﻠﻮث هﺎﻣﺸﻰ او ﻋﺪم وﺟﻮد -
             ﻣﺼﺪر ﻣﺎﺋﻰ ﺳﻄﺤﻰ
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2-2Wastewater Treatment: (11) 
                               Wastewater collected from cities and towns must ultimately be 
retuned to receiving waters or to the land. The complex question of which 
contaminants in wastewater must be removed to protect the environment- 
and to what extent- must be answered specifically for each case. This 
requires analyses of local conditions and needs, together with the 
application of scientific knowledge, engineering judgment based on past 
experience, and consideration of federal and state requirements and 
regulations. 
2-2-1 Wastewater :(14) 
             Domestic or sanitary wastewater refers to liquid discharge from 
residences, buildings, and institutions. Industrial wastewater is discharge 
from manufacturing plants. Municipal wastewater is the general term 
applied to the liquid collected in sanitary sewers and treated in a 
municipal plant. In addition, interceptor sewers direct dry weather flow 
from combined sewers to treatment, and unwanted infiltration and inflow 
enters the collector pipes. 
        Storm runoff water in most communities is collected in a separate 
storm sewer system, with no known domestic or industrial connections, 
and is conveyed to the nearest watercourse for discharge without 
treatment. Rainwater washes contaminates from roofs, streets and other 
areas. Although the pollutional load of the first flush may be significant, 
the total amount from separate storm water system is relatively minor 
compared with other wastewater discharges. Several large cities have a 
combined sewer system where both storm water and sanitary wastewater 
are collected in the same piping. Dry weather flow in the combined 
sewers is intercepted and conveyed to the treatment plant for processing, 
but during storms flow in excess of plant capacity is by-passed directly to 
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the receiving watercourse. This can constitute significant pollution and 
health hazard in case where the receiving body is used for a drinking 
water supply. One solution is to replace the combined sewers with 
separate pipes, but the cost in large cities would be prohibitive, although 
this technique can be applied where only few combined sewers exist in a 
municipal system. 
2-2-2 Industrial Wastewater: (10) 
                         Industrial wastes are the one which result from industrial 
processing operation. Though industrial wastes include liquid, solids and 
gases, we are presently concerned with the liquid part, which is 
commonly known as industrial wastewater. Industrial wastewaters are 
either discharged directly into the receiving water (if they meet the 
necessary standards) or else are discharged into municipal sewers. Some 
times, industrial wastewaters are treated partially before their discharge 
into sewers, or else are treated separately through suitable treatment 
processes so that the treated effluent is safe. From the standpoint of 
characteristics of their wastes, various industries can be divided into 
following four groups: 
        1-Food and food-processing industries like sugar, canning, dairy,                          
fermentation etc. 
         2- Industries of mineral products, i.e.  Coal coke and gas, iron 
and steel, oil, petroleum etc. 
         3- Industries processing chemicals, chemical manufacturing, 
metal finishing, paper and pulp, rubber, tanning, textiles etc. 
         4- Miscellaneous industries like atomic power, radio active 
waste etc. 
             Industrial wastes are varied and complex. These wastes affect, in 
some way or the other, the normal life of a stream or normal functioning of 
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sewerage and sewage treatment plants, unless pretreated at the source point 
itself. If they are discharged directly in the receiving waters, it may result 
in discolouring foul smell and killing of aquatic life, apart from making the 
water unfit for various other purposes. Industrial wastewater disposal needs 
proper considerations from the points of view of manufacture, public and 
the sanitary engineer alike. From the public point of view, industrial waste 
cause pollution to stream making it unfit for domestic, recreational and 
commercial purposes, deteriorate sewers and treatment plant, and increase 
cost of treatment. From the point of view of manufacturer industrialist, the 
waste is a liability and it has to be disposed of with least possible cost. 
Finally, from the point of view of sanitary engineer, knowledge of 
chemistry and bio-chemistry has to be judiciously applied to reduce the 
volume and polluting strength of waste.  
              As mentioned above, there are three alternative for disposal 
of industrial wastes: 
                    1-Direct disposal into the receiving waters, without any  
                        treatment. 
                    2- Disposal into municipal sewers for combined    
                          treatment. 
                    3-Separate treatment of industrial wastes, before their  
                        disposal into receiving water/land. 
  The factors that affect the choice of any of the above alternatives are: 
                    1-Self purification capacity of streams  
                    2-Tolerance limits for the inland surface waters 
                    3-Economic aspects of both the manufacturers as well as  
                     municipalities. 
                    4- Technical advantages of mixing the industrial wastes 
                        With domestic sewage. 
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2-2-3 Industrial Wastewater Treatment :(13) 
             The treatment of industrial wastewater is usually carried out to 
meet standards for discharge either to a watercourse or to the sewers. The 
standards required for discharge to a watercourse are similar to those for 
municipal plants, minimizing oxygen demand, solids and toxin loadings 
to the watercourse. Discharge to the sewers is limited by factors which 
affect the health and safety of persons working in the   sewers, the 
structural strength of the sewers and the treatability of the wastewater on 
arrival at the treatment works. Typical standards for wastewater discharge 
to sewers limit the discharge rate, BOD520 and SS (< 600mg/l) to prevent 
overloading the capacity of the sewers or treatment plant. For similar 
reasons, limits are imposed on grease, oil and nitrogen compounds. 
Controls on the discharge of harmful, explosive, toxic or potentially toxic 
materials, acids and alkalis, sulphate, cyanide, toxic metals and herbicides 
are to prevent hazard to personal in the sewers and prevent inhibition of 
treatment processes. Other standards are required to protect the structure 
of the sewers, such as that for sulphate (<1000 mg/l) and Ph (6 to 10). 
 2-2-4 Current Status: (11)  
         Method of treatment in which the application of physical forces 
predominates are known as unit operations. Methods of treatment in 
which the removal of contaminants is brought about by chemical or 
biological reactions are known as unit processes. At the present time, unit 
operation and processes are grouped together to provide what is known as 
primary, secondary, and tertiary (or advanced) treatment. In primary 
treatment, physical operations, such as screening and sedimentation, are 
used to remove the floating and settleable solids found in wastewater. In 
secondary treatment, biological and chemical processes are used to 
remove most of organic matter. In tertiary treatment, additional 
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combination of unit operations and processes are used to remove other 
constituents, such as nitrogen and phosphorus, which are not removed by 
secondary treatment. Land-treatment processes combine physical, 
chemical, and biological treatment mechanisms and produce water with 
quality similar to that from advanced wastewater treatment. 
2-2-5 Classification of Treatment Processes: (7) 
2-2-5-1 Preliminary Treatment: (7) 
          Preliminary treatment consists solely in separating the floating 
materials (like dead animals, `tree branches, papers, pieces of rags, wood, 
etc.), and also the heavy settleable inorganic solids. It also helps in 
removing the oils and greases, etc. from the sewage. This treatment 
reduces the BOD of the wastewater, by about 15 to 30 %. The processes 
used are: 
- Screening for removing floating papers, rags, clothes, 
etc. 
- Grit chambers or Detritus tanks for removing grit and 
sand. 
- Skimming tanks for removing oils and greases. 
2-2-5-2 Primary Treatment: (7) 
         Primary treatment consists in removing large suspended organic 
solids. This is usually accomplished by sedimentation in settling basins. 
         The liquid effluent from primary treatment, often contains a large 
amount of suspended organic material, and has a high BOD (about 60% 
of original). 
         Sometimes, the preliminary as well as primary treatments are 
classified together, under primary treatment. 
         The organic solids which are separated out in the sedimentation 
tanks (in primary treatment) are often stabilized by anaerobic 
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decomposition in digestion tank or are incinerated. The residue is used for 
land fills or soil conditioners. 
2-2-5-3 Secondary Treatment: (7) 
         Secondary treatment involves further treatment of the effluent, 
coming from the primary sedimentation tank. This is generally 
accomplished through biological decomposition of organic matter, which 
can be carried out either under aerobic or anaerobic conditions. In these 
biological units, bacteria will decompose the fine organic matter, to 
produce clearer effluent. 
         The treatment reactors, in which the organic matter is decomposed 
(oxidized) by aerobic bacteria, are known as aerobic biological units; and 
may consist of: 
1- Filters (intermittent sand filters as well as trickling filters) 
2- Aeration tanks: with the feed of recycled activated sludge (i.e. the 
sludge, which is settled in secondary sedimentation tank, receiving 
effluents from the aeration tank 
3- Oxidation ponds and aerated lagoons: Since all these aerobic units, 
generally make use of primary settled sewage, they are easily 
classified as secondary units. 
         The treatment reactors, in which the organic matter is destroyed 
and stabilized by anaerobic bacteria, are known as anaerobic 
biological units and may consist of Anaerobic lagoons, Septic tanks, 
Imhoff tanks, etc. Out of these units, only anaerobic lagoons make use 
of primary settled sewage, and hence, only they can be classified 
under secondary biological units. Septic tanks and Imhoff tanks, using 
raw sewage, are there for not classified as secondary units. 
 50
         The effluent from the secondary biological treatment will usually 
contain a little BOD (5to 10%of the original), and may even contain 
several milligrams per liter of DO. 
         The organic solids/sludge, separated out in the primary as well as in 
the secondary settling tanks, will be disposed of by stabilizing them under 
anaerobic process in a sludge digestion tank. 
2-2-5-4 Final or Advanced Treatment: (7) 
          This treatment is some times called tertiary treatment, and consists 
in removing the organic load left after the secondary treatment, and 
particularly to kill the pathogenic bacteria. This treatment, which is 
normally carried out by chlorination, is generally not carried out for 
disposal of sewage in water, but is carried out, while using the river 
stream for collecting water for re- use or for water supplies. It may, 
however, sometimes be adopted, when the outfall of sewage is very near 
to the water intake of some nearby town. 
 
         The sewage treatment is, therefore, usually confined up to 
secondary treatment only. Well in fact, various physical, chemical and 
biological processes are available for treatment, depending upon the 
particular requirements. The choice of the treatment methods, depends on 
several factors, including the disposal facilities available. , Actually the 
distinction between primary, secondary and tertiary treatment is rather 
arbitrary, since many modern treatment methods incorporate physical, 








Table (2-12): (11) 
Unit operation and processes and treatment systems used to remove 
the major contaminants found in wastewater 











































Dissolved inorganic solids  
 
Sedimentation 





Land treatment systems 
 
Activated-sludge variations 
Fixed-film: trickling filters 
Fixed-film: rotating biological contactors 
Lagoon variations 
Intermittent sand filtration  
Land treatment systems 





Land treatment systems 
 
Suspended-growth nitrification and denitrification 
variation 
Fixed-film nitrification and denittrification variations 
 Ammonia stripping 
Ion exchange 
Break point chlorination 
Land treatment systems 
 
Metal- salt addition 
Lime coagulation/ sedimentation 
Biological-chemical phosphorus removal 








Ion exchange  









2-2-6 Stabilization Ponds: (11) 
         A stabilization pond (or lagoon) is a relatively shallow body of 
water contained in an earthen basin of controlled shape, which is 
designed for the purpose of treating wastewater. The term oxidation pond, 
often used, is synonymous. Ponds have become very popular in small 
communities because their low construction and operating costs offer a 
significant financial advantage over other recognized treatment methods. 
Ponds are also used extensively for the treatment of industrial wastewater 
and mixtures of industrial and domestic wastewater that are amenable to 
biological treatment. Installation are now serving such industries as oil 
refineries, slaughterhouses, dairies, poultry- processing plants, and 
rendering plants. 
2-2-6-1 Pond Classification: (11)  
         Stabilization ponds are usually classified according to the nature of 
the biological activity that is taking place as aerobic, anaerobic, or 
aerobic- anaerobic. Where the various pond processes were also classified 
according to whether they were suspended- growth, attached-growth, or 
combination- growth processes. Other classification schemes that have 
been used are based on the type of effluent (untreated, screened, or 
settled- wastewater or activated- sludge effluent); the pond- overflow 
condition (nonexistent, intermittent, or continuous); and the method of 
oxygenation (photosynthesis, atmospheric surface reaeration, or 
mechanical aerators).  
2-2-6-2 Types of Waste Stabilisation Ponds: (4) 
Anaerobic Ponds: 
 Anaerobic ponds are used to settle out and break down organic 
matter. 
  They are always placed first in a series of waste stabilization 
ponds. Two processes take place in anaerobic ponds: 
- Solids   in the incoming sewage settle to the               
bottom of the pond and form a layer of sludge. 
- Anaerobic bacteria (bacteria that require no oxygen) 
break down the organic matter in the sludge. This 
breakdown produce gas (which is lost to the atmosphere) 
and some soluble products which pass into other ponds. 
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This process causes a very low buildup of sludge in the 
anaerobic pond. 
Facultative Ponds: 
 Facultative ponds are used for BOD and pathogen removal. 
 They can be the first pond in a series of treatment ponds or they 
can receive effluent from an anaerobic pond. In this pond: 
- Some of the suspended solids settle to the bottom where 
they are digested anaerobically. This bottom layer is 
called the anaerobic layer. 30 percent of the BOD 
reduction of the pond occurs in this layer. 
- There is a layer above the anaerobic layer in which 
oxygen is present. Algae growing in this layer produce 
the oxygen by photosynthesis. The algae obtain the 
nutrients they require to survive from by- products of 
aerobic bacteria, which are also present in this layer. 
Aerobic bacteria require oxygen to survive and the 
bacteria get this in turn from algae (as a by- product). 
The interdependence between the algae and aerobic 
bacteria is called symbiosis. 
Maturation Ponds: 
 Maturation ponds are used to upgrade the effluent from a 
facultative pond or from another maturation pond. They should not 
receive untreated wastewater. Maturation ponds are aerobic for their 
whole depth because of their low concentration of organic material and 
their high concentration of algae. The ponds are intended mainly for 
pathogen removal. The pathogenic organisms die off as the waste water 
slowly passes through the maturation pond. The number of ponds 
required in the stabilization system depends on the required quality of the 
final effluent. 
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2-2-6-3 Application: (11)  
         Stabilization ponds have been used singly or in various 
combinations to treat both domestic and industrial wastes. As shown, 
aerobic ponds are used primarily for the treatment of soluble organic 
wastes and effluents from wastewater treatment plants. The aerobic-
anaerobic ponds are the most common type and have been used to treat 
domestic wastewater and wide variety of industrial wastes. Anaerobic 
ponds are especially effective in bringing about the rapid stabilization of 
strong organic wastes. Usually, anaerobic ponds are used in series with 
aerobic- anaerobic ponds to provide complete treatment. 
2-2-6-4 Process Design and Analysis: (11)  
         The design of stabilization ponds is perhaps the least well defined of 
all the designs of biological treatment processes. Numerous methods have 
been proposed in the literature, yet when the results are correlated, a wide 
variance is usually found. Most of the data were derived from operating 




2-2-7 Method of Treating Industrial Wastewaters: (7) 
         Industrial wastewaters, as pointed out above, usually contain several 
chemical pollutants and toxic substances in too large proportions. The 
characteristics of the produced wastewater will usually vary from industry 
to industry, and also vary from process to process even in the same 
industry. Such industrial wastewater cannot always be treated easily by 
the normal methods of treating domestic wastewater, and certain specially 
designed method or sequence of methods' may be necessary. 
         In order to achieve this aim, it is generally always necessary and 
advantageous to isolate and remove the troubling pollutants from the 
wastewater, before subjecting them to usual treatment processes. The 
sequence of treatment processes adopted should also be such as to help 
generate useful by- products. This will help economies the pollution-
control measures, and will encourage the industries to develop such 
treatment plants. 
 55
         Depending upon the quantum, concentration, toxicity and presence 
of non-biodegradable organics in an industrial wastewater, its treatment 
may consist of any one or more of the following processes: 
2-2-7-1 Equalisation:(7)  
         Equalisation consists of holding the wastewater for some pre-
determined time in a continuously mixed basin, to produce a uniform 
wastewater. Such an arrangement will, of course be necessary when the 
wastewater produced by the industry varies in characteristics and quantity 
over the entire day. 
2-2-7-2 Neutralisation: (7) 
         Neutralisation means neutralizing the excessive acidity or alkalinity 
of the particular wastewater, by adding alkali or acid, respectively, to the 
wastewater. This may be achieved either in the equalization tank, where 
possible, or a separate neutralization tank may be used. 
2-2-7-3 Physical Treatment: (7) 
         Physical treatment consists of separating the suspended inorganic 
matter by physical processes, like sedimentation and floatation. 
- Sedimentation: Sedimentation as we know, is employed 
to separate the heavier settleable solids, and hence 
sedimentation tank may be provided only when the 
wastewater contains high percentage of such heavy 
inorganic solids. 
- Floatation: Floatation consists of creation of fine air 
bubbles in the waste tank, by introduction of air into the 
tank from the bottom. The rising air bubbles, attach 
themselves to the fine suspended particles, increasing 
their buoyancy, and finally lifting them to liquid surface 
for consequent removal by skimming. 
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2-2-7-4 Chemical Treatment: (7) 
         Chemical treatment is often necessary before the biological 
treatment, though sometimes, it may not be required at all. Sometimes, it 
may however, serve as final stage of treatment. 
         Since chemical treatment is a costly and expensive exercise, care 
should be taken to see, if it could be avoided altogether, to achieve our 
required goals. 
         The chemical treatment is used to recover the dissolved organic 
matter from the wastewater, and may consist of one or more of the 
following processes: 
1- Reverse osmosis or hyper filtration 
2- Electrodialysis 
3- Chemical oxidation 
4- Chemical coagulation or chemical precipitation 
5- Adsorption 
6- Deionization 
7- Thermal reduction 
8- Air stripping 
2-2-7-5 Biological Treatment: (7) 
         Biological treatment of industrial wastewater is necessary, when 
they contain large quantities of biodegradable substances. Such biological 
treatment may be used either with or without acclimatisation. 
         Laboratory tests on wastewater for determining its (BOD/COD) 
ratio will help in determining the type of treatment required. Say for 
example, if this ratio is more than 0.6, the wastewaters are biologically 
treatable without acclimatization; and if the ratio is less than 0.6 to upto 
0.3, then acclimatization is needed for biological treatment; and if the 
ratio is less than 0.3 biological treatment may not be necessary. 
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2-3 Wastewater Collection: (13) 
2-3-1 Sanitary Sewer System: (13) 
         A sanitary sewer system includes: 
1- Building drainage installations – the plumbing of individual houses, 
apartment buildings, office blocks and industrial buildings, whose outlet 
sewers, or service lines, lead to 
2- Collection works- a tee – like system of pipes in which numerous 
small diameter laterals converge the flows from the building service lines 
into larger branch sewers, which discharge into a main or trunk sewer 
leading either to disposal area or to the 
3- Treatment work, hence the liquid waste is conveyed by the  
4- Outfall sewer to the final disposal area. 
 
         Building drainage installations are subject to local municipal 
regulations. Each water closet, sink, bath and wash-tub discharges 
through a U-shaped water – seal outlet via a waste pipe to the house 
service line, which leads to the public sewer. Local building codes 
usually require that the plumbing system of each building have at least 
one high, open, vent pipe. This is to ensure that the pressure in the 
drainage system does not fall below atmospheric pressure and so risk 
water being removed from the u- traps of the fixtures. Some authorities 
require a water –seal trap and an air –induct vent in the service line at the 
property boundary, to ventilate the public sewer and to prevent foul air 
from the sewer entering the building service line. Many authorities forbid 
the connection of roof and surface drains to sanitary sewers. 
         The conduits of the collection system are designed so that, as far as 
possible, the velocities are sufficiently high to prevent deposition of solid 
material and, except in special locations, the conduits flow either partly 
full or just full but not under pressure when conveying the maximum 
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design flow. The non- pressure flow condition is intended to minimize the 
risk of surcharging the system and contaminating the surrounding ground 
as a result of the conduits bursting or outflow leakage at joints and cracks. 
Short length of the system may be designed to carry flow under pressure, 
either as rising or force mains, in which the wastewater is pumped from 
low- level to high- level sewer, or as inverted siphons passing below a 
watercourse, a railway or highway cutting or an underground structure. 
         Maximum flows occur during and after heavy storms, as a result of 
the entry of surface water and groundwater through joints, pipe-cracks 
and, frequently, unauthorized connections of roof and yard water drains. 
In dry weather the pipes usually flow less than half-full. 
         The flow in the laterals and small branch sewers is rarely steady or 
uniform. However, for design purposes, uncertainty about the actual flow 
conditions and the need to provide safety margins when fixing sewer 
capacities justify the simplifying assumption of steady, uniform flow. 
2-3-2 Sanitary Sewer Design: (13)  
         Information required for the design of the sewer system includes a 
contour plan of the area to be served, showing the low- density and high- 
density residential areas, business and industrial areas and the street 
layout. Detail maps should show the locations of allotments and 
buildings, the levels of basements to be served, street profiles including 
proposed changes in levels, the locations of other public utilities, depths 
to rock along likely sewer lines, flood levels, and details of potential sites 
for pumping stations(if these are required), treatment works and disposal 
areas. 
         A suitable location of the outlet from the area is selected and, from a 
series of trails, a plan of the most economical locations of the trunk main 
and its principal tributaries is prepared. Normally, they will be located 
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along valleys. Branch lines and laterals, falling with the general slope of 
the ground as much as possible, are added to the system, usually being 
located in streets or along the rear boundaries of adjoining properties, or 
both, if the cross- fall of the ground prevents drainage to a lateral from the 
lower side. An economical layout minimizes the total cost of the sewer 
and service lines, including excavation and installation costs, for the area, 
and makes full use of the capacities of small- diameter lines before they 
connect to the larger sewers. 
         The pipe sizes, invert levels and grades for a new system are 
determined progressively from the upstream limit of the sewered area to 
the outlet. (For an extension to an existing system, the level at the 
downstream end of the extension forms a control, and it may be necessary 
for the design to proceed in the upstream direction.) The diameter, grade 
and alignment of a sewer are kept constant between manholes. The slope 
of the ground may affect the diameter and grade of shallow sewers; in 
steep ground, a small diameter and a large gradient may be necessary to 
meet minimum cover requirements, while in flat areas a large diameter 
and a small gradient can be used to minimize excavation costs. A sewer 
should never be located above a water main. Local diameters and their 
maximum tributary populations, minimum grades in upstream sections of 
laterals, minimum depths of cover, and manhole details, including head 
loss allowances.  
2-3-3 Sewer Construction and Maintenance: (13) 
         Leakage from sewers as a result of failure or blockage of pipe can 
lead to serious health hazards and costly repairs. Care is essential in: 
1-The handling, bedding and backfilling of pipes and fittings 
2- Jointing, to minimize leakage and infiltration  
3- Horizontal and vertical alignment, to minimize the risk of clogging 
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4- Regular inspection and maintenance 
         Pipe trenches up to 4.5 m in depth in soil are readily excavated by 
small mechanical excavators. For greater depths, tunneling between 
shafts spaced at intervals of 1.5 to 3 times the depth may be cheaper than 
open trenching. Excessive depths of small sewers can be avoided if the 
design provides for a low- cost submersible pump to be installed in a 
manhole to raise the incoming flow to shallower outflow sewer. The 
pump is operated intermittently by water level switches and is duplicated 
to guard against failure. 
         Public utilities usually have specified locations in streets for their 
electricity, telephone, gas, water and sewer lines, and accurate plans of 
their locations are essential so that repairs and alterations can be affected 
to each without disrupting the other services. 
2-4 Disposing of the sewage Effluents:(7)   
         The study of the sources of disposal is important, because the 
amount of treatment required to be given to sewage depends very much 
upon the source of disposal, its quality and capacity to tolerate the 
impurities present in the sewage effluents, without itself getting 
potentially polluted or becoming less useful. 
         There are two general methods of disposing of the sewage effluents: 
1- Dilution i.e. disposal in water 
2- Effluent Irrigation or Broad Irrigation or Sewage Farming i.e. 
disposal on land. 
Disposal by dilution is more common of these two methods 
2-4-1Disposal by Dilution: (7) 
         Disposal by dilution is the process where by the treated sewage or 
the effluent from the sewage treatment plant is discharged into a river 
stream or a large body of water, such as a lake or sea. The discharged 
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sewage, in due course of time, is purified by what is known as self 
purification process of natural waters. The degree and amount of 
treatment given to raw sewage before disposing it of into the river-stream 
in question, will definitely depend not only upon the quality of raw 
sewage but also upon the self purification capacity of the river stream and 
the intended use of its water. 
Conditions Favouring Disposal by Dilution: 
1- When sewage is comparatively fresh (4to5 hr old), and free from 
floating and settleable solids (or are easily removed by primary 
treatment). 
2- When the diluting waters (i.e. the source of disposal) has a high 
dissolved oxygen (D.O.) content. 
3- When diluted waters are not used for the purpose of navigation 
or water supply for at least some reasonable distance on the 
downstream from the point of sewage disposal. 
4- Where the flow currents of the diluting waters are favourable, 
causing no deposition, nuisance or destruction of aquatic life. It 
means that swift forward currents are helpful, as they easily 
carry away the sewage to the points of unlimited dilution. On the 
other hand, slow back currents tend to cause sedimentation, 
resulting in large sludge deposits. 
5- When the outfall sewer of the city or the treatment plant is 
situated near some natural waters having large volumes. 
2-4-2Disposal on Land: (7) 
         In this method, the sewage effluent (treated or diluted) is generally 
disposed of by applying it on land. The percolating water may either join 
the water-table, or is collected below by a system of under-drains. This 
method can then be used for irrigating crops. 
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Favourably adopted under the following condition: 
1- When natural rivers or water courses are not located in the vicinity, 
the land treatment is the only alternative left, and has to be adopted. 
2- When irrigation water is scarcely available, the use of sewage for 
irrigation crops is a good alternative 
3- When large areas of open land are available, broad irrigation may 
be practiced over it with the help of sewage effluents, and good 
returns can be earned by raising each crop. Crops like wheat, 
cotton, sugarcane, plantain, grasses, fodder, coconut, orange trees, 
etc. has been successfully grown with advantage on sewage farms. 
4- The method of effluent irrigation will prove useful in areas of low 
rainfall, as this will help in maintaining good absorption capacity 
of the soil. 
5- The area for land treatment or sewage farming should preferably be 
porous, such as sandy, loamy, or alluvial soils, or soft moorum. It 
should not be made of heavy retentive soils like clay, etc. which 
prevent easy aeration of the soil voids, and thus creating anaerobic 
conditions. 
6- This method of disposal of sewage, poses problems during the 
periods when no irrigation water is required for the crop especially 
during rains. This method is, therefore preferred when sewage can 
be diverted to some river streams (flowing high during rainy 
season). 
7- This method is preferred in areas of low water- table, when rate of 
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3 MATERIAL AND METHODS: 
 
               This thesis focuses on the problems facing El Bagair 
Industrial Area. Physical visits have been made to El Bagair Industrial 
Area to know the types and locations of industries present and select 
some of them for a closer study. These plants have been subdivided 
into sectors, some plants with considerable waste have been taken 
separately. Visits, interviews of personal, studying and making use of 
the previous reports and researches and collecting maps shows the 
industries locations, industrial processes, chemicals used, types of 
effluent, analyzed parameters like (BOD, COD, SS, TDS etc.), water 
quality which is used in the industrial processes, pretreatment units 
plants available, collection system, disposal of effluent, waste 
utilization and the environmental problems caused by these plants. 
These have been compared with some orders. Factories with the worst 
wastewater effluent have been selected for the study which focuses on 
resolving problems of sanitation in the industrial area. 
3-1 Study Site: 
3-1-1 El Bagair Industrial Area: (6) 
          The Bagair area is located at about 35 km South-East of 
Khartoum in the Gezira State, where it is planned to set up different 
types of industrial activities, especially heavy and potentially noxious 
industries. 
           Bagair is the third government intervention of this type. Two 
other industrial areas (Omdurman and Khartoum North) established in 
the Khartoum zone partially failed their scope mainly because of the 
ensuing uncontrolled urbanization, and the lack of industrial services 
and utilities. In fact, the new Bagair area has been planned for 
propitiating both new industrial settlements and the relocation of part 
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of the factories from Khartoum (especially those causing most 
concerns for the environment and residents). 
              The industrial district of Bagair covers an area of approx. 
35km2. A part from small village of huts illegally built in the area, the 
main the main residential areas of the zone are 2km away from the 
district boundaries. Presently there is 88 established factories 
employing about 10,000 workers, but another 293 industries have 
already submitted their applications to set up, and have been officially 
approved. 
              The typical and predominant activities are: 
- tannery 
- starch and glucose 
- textile 
- soap production 
- food industry (flour mills, edible oil and Tahnia seeds) 
- Pharmaceutical. 
                   The size of the established factories are disparate; very few 
are large, with the majority being medium- and small-scale. 
                   The local industries dispose their liquid and solid wastes 
using very crude and uncontrolled treatment, or even leaving them in a 
raw state. Only one factory has to some extent, an engineered and 
mechanized ETP (Effluent Treatment Plant) in operation. The district is 
not provided with any sewer network or common effluent treatment, and 
the totality of the factories adopted simple ground excavated darns for the 
disposal of their effluents and in some cases wastewater are directly 
discharged on to the road. 
               The spread an aesthetic impact and strong air pollution problems 
are the more visible results of such a general proceeding method, but 
possible more serious environmental damages may occur (e.g., 
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underground water contamination and sanitary problems) (6), Now El 
Bagair Industrial Area is divided into three blocks (1, 2, 3) Figures (3-1), 
(3-2), (3-3) and (3-4) show the factories in the three blocks. 
3-1-2 Situation at El Bagair Industrial Area: (6) 
         The situation can be summed up as follows: 
- No effective rules and controls 
- Lack of common services and facilities 
- Absence of any public or private body supervising and managing the        
district development and exigencies 
- Lack of an accurate environmental impact assessment for the industrial 
district or the individual specific industries 
- Neither routine inspections of the disposal liquid and solid wastes, nor 
monitoring of the groundwater characteristics exist 
- Civil settlements already started in the industrial boundaries. At present, 
it is small village. However, if strong and urgent action is not 
undertaken, the situation will slip out of the authorities' hands and 
become increasingly difficult. 
3-1-3 Factories Selected For the Study: 
 Four factories have been selected for this study mainly: 
1- Afrotan Tannery. 
2- Starch & Glucose. 
3- Textile. 
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3-2-1 Afrotan Tannery: 
Main Factory Data: (6) 
-  Tannery maximum processing capacity: 
500 bovine hides per day, wet-salted 20 kg/pc, and 
10,000 sheep skins per day, wet salted avg. weight 2 kg 
per pc. 
  Total about 30,000 kg/day ca. (salted weight). 
- Work time: 6 days per week, 1 shift per day (from 8 a.m. 
to 5 p.m.)  
- Total effluent volume: approx. 750 m3/day 
- Specific water consumption: approx. 25 l per kg of raw 
material (wet –salted weight).(6) 
- Liquid stream analysis: (3) 
 BOD = 1489 mg/L 
 COD = 3030 mg/L 
 S.S =   7781 mg/L 
 TDS = 7781 mg/L 
 Oil & greases = 1098 mg/L 
 Cr +6   1.41 mg/L 
 Pb = 0.042 mg/L (3) 
ETP (Effluent Treatment Plant) Description: (6) 
         After a coarse screening, the tannery effluents are sent by gravity 
into the equalization and sulphides oxidation tank. The equalization tank 
is divided into two equal sections communicating through a bottom 
aperture and mixed/aerated by air injection of the flow- peaks from the 
factory, the homogenization of effluent and the necessary retention time 
for sulphides oxidation. For enhancing the sulphides oxidation process, 
MnSO4 is dosed. The aerated liquor is pumped by two helicoidal pumps, 
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and treated into two parallel continuous centrifuges. The entering effluent 
undergoes a preliminary milling for eliminating any possible coarse 
material that could affect the operation of the centrifuges. During 
centrifugation most of the suspended solids contained in the raw effluent 
are separated as a cake and discharged. For increasing the solids 
separation a dosage of polyelectrolyte is performed. 
         The polished effluent flows by gravity into the aerated pumping 
tank, from where is transferred to the evaporation ponds for final drying. 
The more diluted wastewater of the tannery are diverted to the brush 
screen, collected in the aerated tank, and directly pumped to the 
evaporation ponds. 
List of the Main Equipment and Facilities:    
Screening: 
- Number of screens:2 working in parallel (general effluent 
and diluted waters) 
- Type: brush screen automatically cleaned          
- Hole diameter: 8mm 
- Installed power: 1.1 kW. 
Equalisation & sulphide oxidation: 
- Number of tanks: 2 in series 
- Dimensions: 10*10*2.75H m 
- Total usable volume : approx. 500m3 
- Number of installed blowers for mixing / aeration : 2 
- Capacity:1,000 Nm3/ h each power 11kW 
Pumping from equalisation tank: 
  - Number of pumps: 2 
  - Type: holicolidal self priming 
  - Capacity: 50 m3/h 
  - Power 18 kW 
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  - Number of grinders: 2 
  - Type: in-line macerator, 3kW motor operated. 
Solids removed by centrifuge: 
- Number of centrifuges: 2 
- Type: continuous feeding "decanter" 
- Installed power: 40kw 
- Number of polymer preparation tank: 1 
- No. 1mixer 3kW installed 
- Number of polymer solution dosing pumps: 2 
Pumping to evaporation ponds: 
- Number of tanks: 2 
- Dimensions: 10*5*3H m 
- Unit volume: approx. 150m3 
- Number of installed blowers for mixing/ aeration: 2 (1for 
both tanks + stand-by unit) 
- Capacity: 1,000 Nm3/h each, power 11kW 
- Number of pumps: 4 
- Unit capacity: 35 m3/h 
Evaporation ponds: 
- Number of ponds: 8 
- Type: ground excavating lagoons 
- Unit dimension: 100*100*1 H(usable 0.5) m 
- Total surface: 8ha 
- Total usable volume: 40,000m3 







 Environmental Problems Arising from Waste Disposal Procedure of 
the Tannery: (3) 
- Formation of unpleasant odours. 
- It may cause respiratory problems. Allergies and lung 
diseases 
- Irritation of human eyes. 
- Aquatic life destruction. 
- Effect of chromium (Carcinogenic compounds) 




























Fig (3-7) Separated Solids by Screen 
 
 






 Fig (3-9) Pumping From Equalisation Tank 
 








Fig (3-11) Centrifuges 
 
 








Fig (3-13) Pumping to Evaporation Ponds 






























3-2-2 Starch and Glucose Factory:  
Main Factory Data: (6) 
- Total effluent volume: approx. 1,260 m3/day 
- Design processing capacity: 150 tons per day of sorghum 
- Average characteristics of mixed effluent: 
 BOD: 1760 mg/L 
  COD: 3,000 mg/L 
 SS:     12,000 mg/L 
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 TSS:  88,000 mg/L 
- Work time: 6days per week, 1 shift per day (from 8 a.m. 
to 5 p.m.) 
The Existing ETP(Effluent Treatment Plant): 
 The ETP has been designed by an Italian company (BAMAR 
Impianti- MILANO) for a declared treatment capacity of about 280 m3/ 
day of effluent. 
 The plant is basically a biological treatment plant originally as an 
extended aeration process. It mainly consists of: 
- Pre- storage and pumping station tank volume 50 m3 and 
2 pumps 12m3/h capacity at 18 m head. 
- Screen unit for removal of particulate solids (wedgewire 
static screen type Hydrasieve, spacing 1mm) 
- Neutralisation tank volume 150 m3, pH- meter, and 1 
group for dosage of alkali (NaOH solution) 
- Biological aeration tank volume 350 m3 air blowers , 
capacity 180 Nm3/ h each and bottom perforated pipes 
for air distribution. 
- Secondary sedimentation circular tank in steel  of 6 in 
diameter, volume 50 m3 
- Pump for the recirculation of the biological sludge 
capacity 15 m3/h 
- Sand drying beds for the dewatering of the excess 
biological sludge, total surface 390 m2 
Brief Description of the ETP(Effluent Treatment Plant): 
 The effluent from the factory are collected into an underground 
pre-storage and pumping tank and after fine screening ,are transferred to 
the neutralisation tank. Neutralisation consists of a dosage of NaOH 
solution automatically operated by pH-meter and dosing pump. The 
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neutralized effluent enters, by gravity, the aeration tank of the biological 
treatment. Two blowers supply the air necessary to the biological process 
that is distributed through a series of perforated pipes placed at the tank 
bottom. 
 The aerated/mixed liquor flows by gravity into a secondary 
sedimentation tank, where the biological sludge settles and the clear 
supernatant is discharged. The settled sludge accumulated by the 
mechanized scraper in the central pit of the clarifier is continually 
recirculated by the pump to the aeration tank. 
 The excess sludge is periodically discharged through a by- pass and 
sent to a series of drying beds for drying. (6) 
Waste Disposal Method and Problems: (3) 
 The adequate design of the factory, processed water is to be 
utilized to the utmost by recycling it in the process, and finally 
evaporating it to have valuable soluble matter and a feed process water to 
be reused. 
 The proposed daily water disposed is to be 227.0m3/day instead of 
the now reported flow of 1260 m3/day. This discharged (227.0 m3/day) is 
to be treated in an attached wastewater treatment unit to render irrigation 
water and sludge to be dumped. The unit consists of chemical treatment 
unit to adjust pH .biological treatment to hydrolyse organic, screening 
sedimentation and floatation to separate solids. 
 It is believed by the team of the report that the unit is under 
capacity (< 227.0 m3/day), because even at start – up and brand new 
operation, overflow occurred.  
 Recently, due to bad condition of the factory, stoppage of water 
recycling system and process water evaporator, a disastrous condition 
occurs. The flow of liquid waste increase to 6 folds the designed. 
Leakages of valuable products and by- products forced to the factor's 
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management to extract them from the treatment within primitive and non- 
hygienic ways. The rest of the flow is transferred by tankers to an open 
area 3km south-west the plant. 
Environmental Problems: 
- Evolution of strong odour resulting oxidation of organic 
matter by bacteria 
- Contamination to products and environment expected  
- No tests on the disposal lagoon have been made, but 














































Main Factory Data: (3) 
- Total effluent volume: approx. 875 m3/day 
- Solid waste: 560 kg/day 
- Liquid stream analysis: 
   BOD: 245 mg/L 
   COD: 1180 mg/L      
   TDS: 1640 mg/L       
   S.S:  N.A       
   Cr & Pb: N.A 
   It contains free NaOH. (by - process) 
   It contains considerable amount of SS (by- process) 
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   Solid are mainly fiber, dust, salts and ash 
   It contains oil and grease (by- process) 
   It contains dyes (organic) 
Waste Disposal Method: 
 With out any pretreatment, liquid waste from finishing section, 
with its suspended solid is pumped to a solar drying lagoon near the 
factory. Other sections of the factory have no liquid waste and 
insignificant amount of solid waste  
Environmental Problems: 
- Difficulty in hydrolysis by bacterial of cellulose fibers. 
Formation of unpleasant odour may occur. 
- Alkalinity causes destruction of aquatic life and hence 
soil. 
- Dyes may diffuse to ground water, as well as other 










Fig (3-21) Evaporation Pond 
3-2-4 Edible Vegetable Oil Factory (SMA):  
Main Factory Data: (6) 
- Total effluent volume: approx. 2.3 m3/day 
- Average characteristics of the mixed effluent 
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 BOD: 530 mg/L 
 COD: 1680 mg/L 
 SS: 4530 mg/L 
 TDS: 5600 mg/L 
- Work time: 6days per week, 1 shift per day (from 8 a.m. 
to 5 p.m.) 
The Existing Treatment: 
 The factory wastewaters are disposed of without treatment into a 
series of simple ground excavated ponds near the factory. The effluent is 
eliminated by evaporation and soil infiltration. The volume of effluent is 
very modest (less than 3 m3/day). 
 The disposal of such a modest volume of effluent and polluting 
charge does not cause any important environmental impact (no unpleasant 
smell or anaesthetic view). 
 Nevertheless, because of the soil clogging by solids, and the 
formation of an oil pellicle on the surface, both evaporation and soil 
infiltration rates progressively decline. Presently the ponds suffer because 
they are hydraulically overloaded. In addition, desultory water wastages 

























Fig (3-25) Evaporation Ponds 
 
 









































4  DESIGN OF SEWERAGE SYSTEM: 
4-1Proposed Sewerage System: 
 Sewerage system proposed for the study area comprises of the 
following:- 
1- Main sewer network to collect wastewater from the different factories 
in the study area. Internal and sub-mains are not considered in this design.  
2- Lifting stations and pumping station. 




4-2-1Physical and Chemical Examination of Water:(5) 
 The following physical and chemical examinations are for the 

















Table (4-1) Results of Examination of Filtered Sample 



























































































MAGNESIUM as Mg 20 mg/l 
CHLORIDE as Cl 16 mg/l 
SULPHATE as SO4 39 mg/l 




























































Table (4-2) Results of Examination of Filtered Sample 























































































































ORGANIC NITROGEN as N / 
ARSENIC as As / 
LEAD as Pb / 



















Table (4-3) Results of Examination of Filtered Sample 












































































EXCESS ALKALINITY as NaCO3 92 mg/l 
CALCIUM as Ca 21 mg/l 
MAGNESIUM as Mg 10 mg/l 
CHLORIDE as Cl 22 mg/l 
SULPHATE as SO4 31 mg/l 
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NITRATE as NO3 8 mg/l 









































LEAD as Pb / 
SODIUM as Na 59 mg/l 















Table (4-4) Results of Examination of Filtered Sample 





















































MAGNESIUM as Mg 9 mg/l 
CHLORIDE as Cl 1.5 mg/l 





NITRITE as NO2 Nil 





ORGANIC NITROGEN as N / 
ARSENIC as As / 


































































































































































4-2-3Liquid Waste Characteristics:(3) 
Table (4-6): 
 


















1245 2325 3929 4498 469 - 0.036













































































4-3 Sewer Design: 
4-3-1Calculations: 
 With reference to figure (4-1) showing the study area the following 
flows were estimated: 
 The design discharge is divided to the whole area. 
∴ For 1Km2 Qdesign =16326/ (35*0.7) = 666.4 m3/day 
For rising main 1& lifting station 1: 
Q1 =666.4*A1=666.4*2.6=1733 m3/day 
For rising main  2& lifting station 2: 
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Q2 =666.4*A2=666.4*3.6=2400 m3/day 
For rising main 3 and main rise5& lifting station 3: 
Q3 =666.4*(A2+ A3) =666.4*(3.6+2.0) =3732 m3/day 
For rising main 4 and main rise 6& lifting station 4: 
Q4=666.4*(A1+ A4) =666.4*(2.6+2.0) =3066 m3/day 
Assume slopes: 
D= 0.25    s= 1/150 
D= 0.3    s= 1/180 
D= 0.35    s= 1/200 
D= 0.4    s= 1/250 
D= 0.5    s= 1/350 
Manning's Formula: 
V=1/n *r (2/3)*s (1/2) 
V=the average velocity at across section 
n= Manning roughness factor 
r=the hydraulic radius 
s=the slope 
Take n = 0.011 
Colebrook Formula: 
1/√f =2 log (3.715D/K) 
f= Friction Factor 
D=Diameter 
K=roughness coefficient 
Take K= 1.5mm 
Darcy- Weisbach equation: 
hf= f*L/D*V2/2g 







For D=0.25   f=0.032 
For D=0.3  f=0.03 
For D=0.35  f=0.029 
For D=0.4  f=0.028 
For D=0.5  f=0.026 
4-3-2Design of Rising Main: 
Rising Main 1: 
Q1=1733 m3/day= 1733/ (9*60*60) =0.0535 m3/s 
A=Q\V= 0.0535\1.2= 0.045m2  
D =√ (4*0.045/3.14) =0.24m 
Take D= 0.25m (A=0.049 m2) 
Velocity when running full: 
Vfull= 1/n *r (2/3)*s (1/2) 
=1/0.011 *(0.25/4) (2/3)*(1/150) (1/2)=1.17m/s>0.75m\s O.K. 
Qful =V*A= 1.17*3.14(0.25)2/4= 0.0574 m3/s 
Use UPVC 10 Bar with Dia = 0.25m 
Rising Main 2: 
Q1=2400 m3/day= 2400/ (9*60*60) =0.074 m3/s 
A=Q\V= 0.074\1.2= 0.062m2  
D =√ (4*0.062/3.14) =0.28m 
Take D= 0.3m  
Velocity when running full: 
Vfull= 1/n *r (2/3)*s (1/2) = 1/0.011*(0.3/4) (2/3)*(1/180) (1/2) 
=1.21m/s>0.75m\s O.K. 
Qful =V*A= 1.21*3.14(0.3)2/4= 0.086m3/s 
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Use UPVC 10 Bar with Dia = 0.3m 
Rising Main 3&5: 
Q1=3732 m3/day= 3732/ (9*60*60) =0.115 m3/s 
A=Q\V= 0.115\1.2= 0.096m2  
D =√ (4*0.096/3.14) =0.35m 
Take D= 0.4m  
Velocity when running full: 
Vfull= 1/n *r (2/3)*s (1/2) = 1/0.011*(0.4/4) (2/3)*(1/250) (1/2) 
=1.24m/s>0.75m\s O.K. 
Qful =V*A= 1.24*3.14(0.4)2/4 =0.156 m3/s 
Use UPVC 10 Bar with Dia = 0.4m 
Rising Main 4&6: 
Q1=3066 m3/day= 3066/ (9*60*60) =0.095 m3/s 
A=Q\V= 0.095\1.2= 0.079m2  
D =√ (4*0.079/3.14) =0.32m 
Take D= 0.35m  
Velocity when running full: 
Vfull= 1/n *r (2/3)*s (1/2) = 1/0.011*(0.35/4) (2/3)*(1/200) (1/2) 
=1.26m/s>0.75m\s O.K. 
Qful =V*A= 1.26*3.14(0.35)2/4 =0.122 m3/s 
Use UPVC 10 Bar with Dia = 0.35m 
4-3-3Design of Lifting Stations: 
1-Lifting Station 1: 
A-Design of sump Well: 
 The sump well can be designed for the peak flow of 15 minute 
Peak flow for 15 minutes= 0.0535*15*60=48.15m3 
Capacity of rising main= Area *Length= 3.14\4*(0.25)2*1600= 78.54m3 
Total capacity of sum well= 48.15+78.54=126.69 m3 
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Provide 3 number of sumps (The third to be stand by) 
∴Capacity of each sump well =126.69/2=63.35 m3 
Assume depth of sump well =3.0m 
∴A= capacity /depth= 63.35/3.0=21.12m2 
∴ D= √(A*4/3.14) = √(21.12*4/3.14)=5.19m 
Take D=5.2m 
B-Design of Pumps: 
H= Hf+Hs+HL+Hb 
Hf= Friction losses 
HL= Depth of the well 
Hs= Level gradient  




hf= f*L/D*V2/2g =0.032*1200*1.172/(0.25*2*9.81)= 10.72m 
∴H= 10.72+10.67+3.0+0.3=24.69m 
Q= 0.0535m3/s 
Power= γ*Q*H/η=9810*0.0535*24.69/0.75=17278Watt= 17.3KW 
Use two Pumps with H= 24.69m Q==0.053m3/s P= 17.3 KW 
2-Lifting Station 2: 
A-Design of sump Well: 
 The sump well can be designed for the peak flow of 15 minute 
Peak flow for 15 minutes= 0.074*15*60=66.6m3 
Capacity of rising main= Area *Length= 3.14\4*(0.3)2*2200= 155.5m3 
Total capacity of sum well= 66.6+155.5=222.1 m3 
Provide 3 number of sumps (The third to be stand by) 
∴Capacity of each sump well =222.1/2=111.05 m3 
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Assume depth of sump well =3.0m 
∴A= capacity /depth= 111.05/3.0=37.02m2 
∴ D= √(A*4/3.14) = √(37.02*4/3.14)=6.86m 
Take D=6.9m 
B-Design of Pumps: 
H= Hf+Hs+HL+Hb 
Hf= Friction losses 
HL= Depth of the well 
Hs= Level gradient  




hf= f*L/D*V2/2g =0.03*1200*1.212/(0.3*2*9.81)= 8.96m 
∴H= 8.96+12.22+3.0+0.3=24.48m 
Q= 0.074m3/s 
Power= γ*Q*H/η=9810*0.074*24.48/0.75=23695Watt= 23.7KW 
Use two Pumps with H= 24.48m Q==0.074m3/s P= 23.7 KW 
 
3-Lifting Station 3: 
A-Design of sump Well: 
 The sump well can be designed for the peak flow of 15 minute 
Peak flow for 15 minutes= 0.115*15*60=139.5m3 
Capacity of rising main= Area *Length= 3.14\4*(0.4)2*1200= 150.8m3 
Total capacity of sum well= 139.5+150.8=290.3m3 
Provide 3 number of sumps (The third to be stand by) 
∴Capacity of each sump well =290.3/2=145.15 m3 
Assume depth of sump well =3.0m 
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∴A= capacity /depth= 145.15/3.0=48.38m2 
∴ D= √(A*4/3.14) = √(48.38*4/3.14)=7.85m 
Take D=7.9m 
B-Design of Pumps: 
H= Hf+Hs+HL+Hb 
Hf= Friction losses 
HL= Depth of the well 
Hs= Level gradient  




hf= f*L/D*V2/2g =0.028*2850*1.242/(0.4*2*9.81)= 15.63m 
∴H= 15.63+4.8+3.0+0.3=23.73m 
Q= 0.115m3/s 
Power= γ*Q*H/η=9810*0.115*23.73/0.75=35695Watt= 35.7KW 
Use two Pumps with H= 23.73m Q==0.115m3/s P= 35.7 KW 
 
 
4-Lifting Station 4: 
A-Design of sump Well: 
 The sump well can be designed for the peak flow of 15 minute 
Peak flow for 15 minutes= 0.095*15*60=85.5m3 
Capacity of rising main= Area *Length= 3.14\4*(0.35)2*1200= 115.45m3 
Total capacity of sum well= 85.5+115.45=200.95 m3 
Provide 3 number of sumps (The third to be stand by) 
∴Capacity of each sump well =200.95/2=100.48 m3 
Assume depth of sump well =3.0m 
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∴A= capacity /depth= 100.48/3.0=33.49m2 
∴ D= √(A*4/3.14) = √(33.49*4/3.14)=6.53m 
Take D=6.6m 
B-Design of Pumps: 
H= Hf+Hs+HL+Hb 
Hf= Friction losses 
HL= Depth of the well 
Hs= Level gradient  




hf= f*L/D*V2/2g =0.029*1000*1.262/(0.35*2*9.81)= 6.7m 
∴H= 6.7+6+3.0+0.3=16m 
Q= 0.095m3/s 
Power= γ*Q*H/η=9810*0.095*16/0.75=19882Watt= 19.9KW 




A-Design of sump Well: 
 The sump well can be designed for the peak flow of 15 minute 
Peak flow for 15 minutes= 0.504*15*60=453.6m3 
Capacity of rising main 5&6= Area *Length= 
3.14\4*(0.4)2*2850+3.14\4*(0.35)2*1000= 454.4m3 
Total capacity of sum well= 453.6+454.4=908 m3 
Provide 3 number of sumps (The third to be stand by) 
∴Capacity of each sump well =908/2=454 m3 
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Assume depth of sump well =4.0m 
∴A= capacity /depth= 454/4.0=113.5m2 
∴ D= √(A*4/3.14) = √(113.5*4/3.14)=12.02m 
Take D=12.1m 
B-Design of Pumps: 
H=Hs+HL+Hb 
HL= Depth of the well 
Hs= Level gradient  






Power= γ*Q*H/η=9810*0.504*15.7/0.75=103499Watt= 103.5KW 




4-4Treatment Plant Design: 
4-4-1 Introduction:  
 (9)Waste stabilisation ponds are no longer a novelty. Considerable 
design and operating experience has accumulated over the last two 
decades to let public health engineers use them with confidence as a 
simple and reliable means of treatment for sewage and certain industrial 
wastes, at a fraction of the cost of conventional treatment plants used 
hitherto(9). 
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  Stabilisation Ponds System is chosen as they are low in cost, area is 
available in El Bagair Industrial Area and the pond can accept shock 
loads from the different discharges generated from the factories.  
4-4-2Design Parameters: 
Total project future flow: 10884 m3 /day 
Qmax = 1.5 Qav = 1.5* 10884= 16326 m3 /day 
Equivalent BOD: 
Ceq = (C1Q1+C2Q2+………..+CnQn)/ ∑ Qi 
i = 1, 2, 3 … n 
∴ BODeq = (BOD1Q1+BOD2Q2+………..+BODnQn)/ ∑ Qi = 1310 mg/L 
λv = Volumetric BOD5 loading gm/m3/day (between 100-400 gm/m3/day) 
λs = BOD surface loading =20T- 120 Kg/ha/day  
T = The average ambient temperature of the coldest month in 0C ≈20 0C 
Ni = The number of FC/100 ml of influent. A safe estimate for the 
number of FC/100 ml for raw sewage entering a pond system would be 
107 – 108 FC/100 ml. 
Kb = 2.6(1.19) T-20 
 
4-4-3Design Calculation: 
 Two parallel series are taken. See Fig (4-2) 
4-4-3-1 Ponds dimension: 
Anaerobic pond: 
λv = (Li *Q)/V 
λv = Volumetric BOD5 loading in g/m3/day 
Take it =400 g/m3/day 
Li =Influent BOD5 loading in mg/L = 1310 mg/L 
Q = Influent rate m3/day =16326 m3/day 
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V= Volume of the pond in (m3) 
∴400 = (1310*16326)/V  
V = (1310*16326)/400 = 53467.65 m3 
Normally dept of the anaerobic pond = 2- 4 m 
Take it = 3m 
∴A= 53467.65/3 = 17822.55 m2 
Take the length equal 2.5 the width  
∴2.5 B2 =17822.55 
∴ B = √ 7129.02 = 84.4 m 
Take the width =85m 
∴ The length = 2.5* 85 = 212.5m 
Take the length = 215m 
∴ V = 215*85*3 = 54825m3 
Retention time T= V/Q = 54825/16326 = 3.36 day 
See Fig (4-2) & Fig (4-3). 
Facultative pond: 
A= (Li *Q)/ (20T-120) 
A= area of the pond in m3 
Li =Influent BOD5 loading in mg/L 
Qmax = Influent rate m3/day =16326 m3/day 
T = The average ambient temperature of the coldest month in 0C 
A real loading rate: 
S= 20T- 120 = 20*20-120 = 280 Kg/ha/day 
Assume 60% BOD removed by anaerobic pond 
∴ Li = 1310*.4= 524mg/L= 524g/m3 =0.524 Kg/ m3 
∴ A= (0.524*16326)/280 = 30.5529 ha =305529 m2 
Take the depth = 1.5 m 
2.5 B2 =305529 
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∴ B = √ 122211.6 =349.6m 
Say 350m 
The length = 2.5*350=875m 
V= 875*350*1.5 = 459375 m3 
Retention time = V/Q = 459375 /16326 =28.14 day 
See Fig (4-2) & Fig (4-4). 
Maturation pond: 
Ne = Ni / ((1+Kb*t1) (1+Kb*t2)…. (1+Kb*tn)n)  
Ne = The number of FC/100 ml of effluent 
Ni = The number of FC/100 ml of influent.  
Kb = first order rate constant for bacteria removal (d-1) 
t   = retention time  
Take Ni = 5* 107 FC / 100 ml  
Kb = 2.6(1.19)T-20 =2.6 d-1  
Take two maturation ponds with 7 days retention time 
Ne =5* 107 / ((1+2.6*3.36) (1+2.6*28.14) (1+2.6*7)2) =187.84 FC/100 ml 
V = Q*T = 16326*7 = 114282 m3 
Take the depth = 1m 
2.5 B2 = 114282 
∴ B = √ 45712.8 = 213.8 
Take B= 215m 
The length = 2.5*215 = 537.5 m 
Take the length = 540m 
See Fig (4-2) & Fig (4-5). 
4-4-3-2 Inlet & Outlet Design: 
Assume and average velocity of sewage = 1.2 m/s of a daily flow for 9 
hours. 
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Area of inlet pipe required = discharge / velocity = 16326/ (9*60*60*1.2) 
=0.42 m2 
Take one pipe with Diameter = 0.76 m (A= 0.45 m2) 
The outlet diameter = 1.5 times the inlet diameter = 1.5*0.76 = 1.14m 
Take one pipe with diameter = 1.24 m (A= 1.21 m2) 
See Fig (4-7), Fig (4-8), Fig (4-11) & Fig (4-12). 
4-4-3-3 Grit Removal & Vertical Throat Design:   
Grit Removal: 
 Use two grit removal 
B= 4.92*Qmax /dmax 
B = the width of the grit removal in (m) 
L = the length of the grit removal in (m) 
Qmax = maximum discharge in (m3/sec) 
dmax = maximum depth in (m) 
Qmax = 16326 m3 /day =16326/ (9*60*60) = 0.504 m3/sec 
Take dmax= 1.0m 
∴ B = 4.96*0.504/1.0 = 2.5m (for the two) 
For one = 2.5/2 = 1.25m 
∴ B= 1.25m 
L > 18 dmax = 18*1.0=18.0m 
Say L= 20.0m 
Vertical Throat: 
Y =(2/3)*B 
Y = the width of the vertical throat in (m) 
B = the width of the grit removal in (m) 
∴Y = (2/3)*1.25 = 0.83m 
Say Y = 0.85m 
See Fig (4-6). 
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4-4-4 Construction: 
4-4-4-1 Pond Bottom: 
 Should be cleared of all vegetation and debris and should be made 
as level as possible. The soil formation for the bottom should be 
relatively impervious (use a blanket clayey soil) and the topsoil and the 
sub-soil should be well compacted. 
4-4-4-2 Embankment: 
Material: 
 Vegetation and debris should be completely removed. Use clayey 
soil (impervious soil) and should be well compacted. The inner slope is 
pitched with stones. 
Top width: 
 Take the top width equal to 3.0 m.  
Free Board: 
 Take the free board equal to 1.0 m. 
Slopes: 
 Take the inner and outer slopes 2.0 horizontal to 1.0 vertical. 
 
 
4-4-4-3 Inlet Arrangement: 
 Use an inlet chamber near the outer toe of the embankment 
centrally with respect to the width, with a coarse bar screens made of 3.2 
cm*1.26 cm. 
 The inlet is located 20.0 m from the side. 
4-5 Location of The Stabilisation Ponds: 
 It can be 1 km North. See Fig (4.1) 
4-6 Man Holes: 
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 Take the man holes dimensions = 1.2m*0.9m  























































































































































































































































































                                                                   
 
 














5-1The Environmental of the  Site: 
 Most of the industries in El Bagair Industrial area have no 
pretreatment plants, thus lots of environmental problems arise (e.g, 
flooding, odors, insects, some diseases and contamination of groundwater 
etc). Factories which have pretreatment plants, the units are under 
capacity. Solid waste is thrown at open spaces. The geographical 
distribution of some of the same industries is very poor (scattered). There 
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is no sewerage system for any portion of the study area. No monitoring 
program has been scheduled for checking quality of groundwater or 
recording pollution levels for soil, air and water. 
5-2 Ground Water Quality: 
 Samples are taken for four locations. Results of analysis are shown 
in tables (4-1), (4-2), (4-3), and (4-4). The findings are: 
Colour: 
 All four locations are colorless. This is an indication for no 
effective present of chemicals, suspension of solids, organic materials, 
etc.  
Odour: 
 All four locations have unobjectionable odour. 
PH: 
 All four locations lie within the acceptable limit (6.5-8.5) and (6.5-
9.2) due to the American secondary standard for drinking water (see table 
(2-5)) and (WHO) standards (see table (2-7)) respectively. 
Total Hardness: 
 A El Bagair El Godami & El Alalaf El Hywani   locations are hard 
water, Afrotan location is moderately hard water, Abd El Monaim 
Medicine Co. is very hard water but the four locations are acceptable (< 
500) see table (2-7). 
Total solids: 
 All four locations lie within the limit (<1500) see table (2-7). 
Calcium (as Ca): 
 All four locations lie within the limit (<200) see table (2-7). 
Magnesium: 
 All four locations lie within the limit (<150) see table (2-7). 
Chloride: 
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 All four locations lie within the limit (<600) see table (2-7). 
Sulphate (as SO4) : 
 All four locations lie within the limit (<400) see table (2-7). 
Nitrate (as NO3): 
 All four locations lie within the limit (<45) see table (2-7). 
Fluoride (as F): 
 All four locations lie within the limit (<1.5) see table (2-7).  
Table (5-1): (15)  
General scale of hardness 
 














5-3 Wastewater Quality: 
 Analysis of the wastewater pollution parameters for the whole area 
was done but we focus at these factories: 
1-Afrotan factory 





 Only Textile lies within the acceptable limits (<400 mg/L). The 
others exceed the acceptable limits that mean they have a very high 
amount of organic matter, thus they have to be pretreated. 
COD: 
 All the four factories exceed the acceptable limits (>700mg/L) that 
mean they have a very high strength of organic matter, thus they have to 
be pretreated.  
S.S: 
 Afrotan, Starch & Glucose and SMA exceed the acceptable limits 
(>500 mg/L), that means there is no sufficient pretreatment (e.g. 
sedimentation tank).  
T.D.S: 
 Starch & Glucose and Textile lies within the acceptable limits 
(<2000 mg/L). Afrotan and SMA have a very high T.D.S. that means 






Oil & Grease: 
  Afrotan and SMA exceed the acceptable limits that mean there is 
no sufficient pretreatment. For Starch &Glucose the waste must contain 
grease from grain's germ.  
 
Cr+6: 
 Afrotan exceed the acceptable limits (>0.5mg) as there is no 
Chrome pretreatment. Others have no Cr+6.  
Pb: 
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 Afrotan and SMA lies within the limit (<2mg/L). Others have no 
Pb. 
 
Table (5-2):  
 Maximum limits for discharge of industrial pollutants in the water 
environment 







































5-4 Sewerage Design: 
 The discharge used in the design is the discharged for the future 
factories when they are established. 
 Six rising mains have been designed with lengths :1.6 km,2.2km, 
1.2km, 1.2km,2.85km and 1.0km. And diameters: 0.0.25m, 0.3m, 0.4m, 
0.35m, 0.4m, 0.35m respectively. 
 Also four lifting stations and pumping station have been designed 
with three sump wells with depths: 3.0m, 3.0m, 3.0m, 3.0m and 4.0m.and 
diameters: 5.2m, 6.9m, 7.9m, 6.6m and 12.1m respectively. 
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 The sump wells have been designed for the peak flow of 15 
minutes and the capacity of the rising mains also have been added, in case 
the rising main has to be emptied into the sump at the time of cleaning the 
sump. The third sump is as stand by unit. 
 Also two pumps for each lifting station and pumping station have 
been designed with H: 24.69m, 24.48m, 23.73m, 16m and 15.7m. And Q: 
0.0535m3/s, 0.074m3/s, 0.115m3/s, 0.095m3/s and 0.504m3/s respectively. 
And Power: 17.3kw, 23.7kw, 35.7kw, 19.9kw and 103.5kw respectively. 
 The second pump is also used to be stand by unit. 
5-5 Stabilisation Ponds Design: 
   Stabilisation ponds (or lagoons) are relatively shallow body of 
water contained in an earthen basin of controlled shape, which is 
designed for the purpose of treating wastewater. 
Advantages and Disadvantages of Stabilisation Ponds: 
1- Stabilisation Ponds System are simple to build 
2- Reliable and easy to maintain 
3- Their low construction ad operating costs 
4- They provide pathogen removal, which is better than 
conventional treatment processes 
5- The ponds give a consistent standard of treatment and are not 
sensitive to sudden load increases. 
  Proposal design of stabilisation ponds is attempted to solve the 
environmental problems in El Bagair Industrial Area, data are collected 
from previous reports. 
  We used two parallel series in order to have more facilities for 
repairs, maintenance and flexibility in operation. 
Anaerobic pond: 
 It is 215m*85m*3.0m. Retention time is 3.36 days. 
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Facultative pond: 
 It is 875m*350m*1.5m. Retention time is 28.14days. 
Maturation pond: 
 It is 540m*215m*1.0m. Retention time is 7days. 
  As we see the retention time is small as Sudan is one of the tropical 
countries. 
Free Board: 
 We use 1.0m free board to prevent waves from overlapping the 
embankment. 
Pond Bottom:   
 We use a blanket of compacted clayey soil as the soil formation for 
the bottom should be relatively impervious to avoid percolation and 
ground water pollution. 
Embankment Top Width: 
 We use 3.0m width for cars which is desired for maintenance or 
inspection purposes. 
Embankment slopes: 
 We use slope of 2 horizontal to 1 vertical as we use a stone 
pitching. The stone pitching and the blanket of compacted clayey soil are 
done as there is no soil analysis for the soil and sub-soil of the pond. 
Inlet arrangement: 
 The inlet is located 20.0m from sides as a complete mixing of the 
incoming sewage with the pond contents occurs within radius of 12.0m to 
15.0m from the inlet discharge point. 
Inlet chamber:  
 The floor level of the inlet chamber is higher by 40.0cm than the 
water level in the pond to ensure free fall and gravity flow condition 
without any backing up into the inlet chamber. 
Screen: 
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 We use screen to prevent large floating solids from entering the 
pond. 
Grit Removal channels: 
 We use two parallel Grit removal (20m*1.25m*1.0m), with flume 
(width =0.85m) for velocity control. 
Outlet arrangement: 
 We use weir and baffle to prevent floating scum as well as algae 



































6- Conclusion and Recommendations:  
6-1 Conclusion: 
6-1-1The Environment of the Site: 
 Most of factories have no pretreatment units, there no sewer net 
work, no final treatment, solid waste disposed at open spaces and no 
regulation or rules implemental to control the quality of effluents. 
6-1-2 Ground Water Quality: 
 The four locations lie between moderately hard and very hard, but 




 For the BOD and COD tests the four factories exceed the 
acceptable limits, for S.S Afrotan, Starch & Glucose and SMA exceed the 
acceptable limits, for T.D.S Afrotan and SMA exceed the acceptable 
limits, for Oil and Grease Afrotan and SMA exceed the acceptable limits, 
for Cr +6 only Afrotan which exceed the acceptable limits, for Pb the four 
factories lies within the acceptable limits. 
6-1-4 Proposed Collection System: 
 Six rising mains with lengths: 1.6km, 2.2km, 1.2km, 1.2km, 
2.85km and 1.0km, and diameters: 0.025m, 0.3m, 0.4m, 0.35m, 0.4m, 
0.35m respectively, and four lifting stations and pumping station with 
three sump wells with depths: 3.0m, 3.0m, 3.0m, 3.0m and 4.0m 
respectively. and diameters: 5.2m, 6.9m, 7.9m, 6.6m and 12.1m 
respectively, also two pumps for each lifting station and pumping station 
have been designed with H: 24.69m, 24.48m, 23.73m, 16m and 15.7m. 
And Q: 0.0535m3/s, 0.074m3/s, 0.115m3/s, 0.095m3/s and 0.504m3/s,  and 
Power: 17.3kw, 23.7kw, 35.7kw, 19.9kw and 103.5kw respectively have 
been designed. 
6-1-5 Stabilisation Ponds Design: 
 Two ponds in series are proposed to treat effluent from the 
factories, summery of dimensions is: 
Anaerobic Pond = 215m*85*m*3.0m, retention time = 3.36 days 
Facultative Pond = 875m*350m*1.5m, retention time =28.14 days 
Maturation Pond = 540m*215m*1.0m, retention time =7 days  






1- AS we see most industries have a very high BOD and COD thus 
the Industries must have sufficient pretreatment plants. 
2- Afrotan and SMA must have Grease and oil traps as they 
exceed the acceptable limits 
3- There must be a net work system to collect the sewage from 
industries to final treatment. 
4- Avoid using chrome and sulfur dyes in industries like Textile. 
5- The ones which have chrome in its effluent like Afrotan tannery 
should have separate treatment of the chrome for limiting the 
chrome content of the residual sludge and facilitating their final 
disposal. 
6-  Some industries can use water circulation process and units 
(e.g. Starch & Glucose). 
7- There should be quality control laboratory in factories to follow 
waste situation. 
8- Periodical monitoring fore the pretreatment plants of industries, 
ground water quality and wastewater quality (owners and 
authorities). 
9- There must be an specific area to, drying, burning and dumping 
the solid waste. 
10- There must be a central treatment plant for the whole area. 
6-2-2 Stabilisation Ponds: 
1- Ponds should not be sheltered from the wind as the wind is the 
main force which causes mixing. 
2- The pond bottom area should be cleared of all vegetation and 
debris and the bottom should be as level as possible. 
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3- Ponds must be desludged when they are full of sludge for 
anaerobic pond usually every 2-5 years and for facultative every 
10-15 years. 
4- Algae control can be accomplished by growing fish in the 
maturation pond and fish sales may offset some of the cost of 
sewage treatment. 
5- Regular samples from the entering sewage should be tested to 
check the BOD loading; also the effluent should be tested as 
well to check that the desired effluent quality is achieved and 
that the ponds are functioning correctly. 
6- Care must be taken in the hydraulic design to ensure equal 
distribution of flow between the two inlets. 
7- The pond area should be enclosed with suitable fence to 
preclude entrance of livestock and to discourage trespassing. 
8- There must be a warning signs showing that it is a sewage 
treatment device and advice against trespassing. 
9- Screenings should be disposed hygienically (by incineration or 
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